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Introduction 
The purpose of this study is to examine the size, variations 
and.interdependence of agricultural production and the factors 
influencing it in terms of the information obtained from bookkeeping 
farms in South Finland. Examined in the study are of ordinary mean 
values of various factors, the information obtained from them and 
efforts are made to estimate production functions on the basis of 
the material gained from bookkeeping farms. This is done in order 
to give a picture of the impact of different production factors, 
inputs, on the volume of production and farm management in general. 
The results obtained can be used later on in connection with various 
conclusions with regard to the profitability of different inputs 
used in agriculture. Giving an impetus to the study has been a 
partial transfer of bookkeeping farm results to punched cards in 
1968, facilitating a fairly extensive use of bookkeeping results 
in computer programs. For this reason, it has been possible to 
measure the applicability and drawbacks of punched card material 
plus provide hints as to how material analysis should be developed 
in order to serve research and practical needs in the best possible 
manner. 
Because there are considerable differences in agricultural 
production between the farms with respect to the production branch 
involved (cf. f.ex. SUOMELA 1952, TORVELA 1966), there are 
justifiable grounds for grouping the farms in terms of their size 
and the current production line in this examination of the use 
of various production factors and the dispersal of various factors. 
The same grouping has been used in that part of the study which 
is concerned with an examination of the impact of various factors 
on return with the help of production functions. Because the 
material consists only of farms located in South Finland, the 
production Iines exhibit greater differences than the national 
average since the possibilities for diversified production elsewhere 
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in the country are smaller than in its southern part. The period 
covered by this study is fiscal 1967 and the region South Finland 
(cf. A Study of Agricultural Profitability in Fiscal 1967). 
In 1967,.a total of 618 farms took part in the profitability 
survey as shown below. The table also shows average farm size 
and average forest land size. 
Arable land, 	Number of 	Arable land, 	Forest land, 
hectares 	farms 	average, 	average, 
hectares hectares 
Under 10 115 7.46 18.70 
10-20 226 14.67 31.50 
20-30 115 24.64 52.40 
30-50 109 37.99 90.30 
50- 53 68.29 126.20 
Total/Average 618 23.89 51.50 
The average size of arable land on the bookkeeping farms in 
South Finland - nearly 24 hectares - clearly exceeds the national 
average which is now about 9 hectares. Farms in South Finland are 
also generally smaller than those regularly involved in bookkeeping. 
Also, the bookkeeping farms exhibit a greater cultivation intensity 
than what is the average. No exact studies on this score have been 
conducted recently but according to some investigations (cf. f.ex. 
SUOMELA 1958), return and cost entries on the bookkeeping farms 
were 20 per cent higher than the national average in the early 
1950s. Of course, this must be taken into consideration in any 
examination or generalization of the results of this study. 
Although this study is concentrated on an analysis of 
agricultural production, forestry is often closely related to 
farm income and the return yielded by the farm. It is to be noted 
that apart from agricultural production proper, the smaller farms 
have nearly 20 hectares of forest land while the corresponding 
figure for the b±gger farms in some 100 hectares or more. In part, 
this affects the use of human labor and other aspects of agriculture. 
- 3 - 
This study is not directly concerned with an examination of 
forestry except in some instances in connection with an examination 
of the farmer's labor input. Also, income from by-enterprises 
outside the farm is examined only as regards human labor. 
This study is based on the aforementioned 615 farms. Results 
from 3 bookkeeping farms were so defective that they were excluded. 
The farms are grouped into 3 categories in terms of the size of 
arable land: 115 farms of less than 10 hectares of arable land, 
226 farms of 10 to 20 hectares of arable land and 274 farms of 
more than 20 hectares of arable land. Because the intensity analysis 
of certain factors has been performed in terms of production Iines, 
the number of farms in each group would have been too small if 
the farms had been divided into more than 3 categories. 
The categorization of the farms in terms of different 
production Iines is based on the formation of gross return (cf. 
also Torvela 1966, p. 53). The farms are divided into 2 main groups. 
Included among domestic animal-oriented farms are those on which 
animal husbandry return has been more than 50 per cent of gross 
return. This group has been divided into subdivisions with farms 
on which animal husbandry return is more than 80 per cent and 
50 to 79.9 per cent forming separate subdivisions. In addition, 
farms on which pig husbandry return has been more than 20 per 
cent of gross return have been examined separately. P1ant cultivation- 
oriented farms are divided into 2 groups. One group consists of 
farms on which the return yielded by sugar beet cultivation has 
been more than 20 per cent of gross return. As regards differences 
in production Iines, it is to be noted that because of diversified 
agricultural production, the number of completely and clearly 
specialized farms is small and for this reason, the line separating 
various production Iines from each other is not always very c1ear. 
The early part of this study is concerned with a detailed 
examination of the level of and variations in return and production 
factors with the help of arithmetic mean values. Also, efforts have 
been made to examine just to what extent interesting information 
is contained in the said mean values. 
Variations in the input intensity level, examined in the 
early part of this study, must be large enough to facilitate a 
successful production function analysis because that makes parameter 
estimates as reliable as possible. Another prerequisite is that 
a correct production function model is found. This requires, to 
begin with, the disclosure of ali factors influencing return. 
Attemts have been made in the present study to solve this problem, 
among other things, with the help of factor analysis. A factor 
analysis may be applied to a preparatory analysis in an examination 
of the interdependence of various factors and, above ali, of the 
existence of such factors as affect the return but are not usually 
measured. Factor analyses are used quite extensively in psychology, 
for instance. In agriculture, factor analysis has been used in the 
examination of the effect of human factors, for instance (cf. 
f.ex. TAURIAINEN 1966, VAINIO-MATTILA 1966). 
The latter part .of this study consists of a production function 
analysis. In this connection, the applicability of the transcendental 
type of function used here to the problem under examination has been 
studied and its variations have been expressed by different parameter 
values. The production functions are estimated by using, in the 
first phase, ali the variables given by factor analysis and logical 
deduction as explanatory variables. A so-called selective regression 
analysis has been applied in the second phase. This selects from 
a given number of variables those whose coefficients are statistically 
significant. Of course, the number of coefficients thereby depends 
on how significant the coefficients have to be. 
The results of the production function analysis may be dpplied 
f.ex. in an examination of just how profitably the use of various 
production factors and the entire production have been arranged 
in each farm category. Other interesting things, even theoretical, 
may also be revealed by the estimated models, such as maximum 
return in terms of each production factor. The last-mentioned 
special analysis is, however, so extensive and multi-faceted as 
to require a separate study. This study is confined to an examination 
of the points referred to earlier. 
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I. THE INTENSITY AND VARIATION OF CERTAIN FACTORS ON THE FARMS 
EXAMINED IN THIS STUDY 
1. Variations in return 
A. Variations in gross return 
Gross return in agricu1ture1) per hectare of arable land2) was 
1,452 marks in fiscal 1967 in South Finland. On the average, smaller 
farms exhibited the greatest intensity as shown, for instance, by 
the fact that gross return on farms of less than 10 hectares of 
arable land was 2 035 marks per hectare and averaged 1 525 marks 
on farms of 10 to 20 hectares. By the some token, gross return on 
farms of more than 20 hectares average. 1 374 marks (Table 1). 
Table 1. Variations in gross return between farms of 
different sizes 
Arable land 	Average gross return 	Gross return 
minimum 	maximum marks/hectare 	marks/hectare marks/hectare 
Under 10 
10-20 
20- 
hectares 
?? 
?? 
2 
1 
1 
035 
525 
374 
413 
591 
608 
7 
3 
3 
759 
500 
764 
Average 	 1 452 
Worth particular attention as far as gross return is concerned 
is the extent of the dispersal of results. In the use of bookkeeping 
results for various purposes, it is a fairly common practice to 
examine just the mean values of relatively large groups only in spite 
of the dispersity of results. In most cases, the groups are formed 
on the basis of the size of arable land. If the grouping is detailed 
1)As regards the methods whereby gross return in agriculture is 
calculated, see the following studies: PIHKALA, RURIK 1943 and ANTTI 1953. 
2)  The size of arable land is given in terms of adjusted hectares 
(cf. Investigations on the Profitability of Agriculture in Finland. Business Year 1967, p. 12). 
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enough, it is clear that the farms examined are nearly equal in 
terms of their size. However, the dispersity of results between 
various farms is so marked - largely due to variations in intensity, 
the production line involved etc. - that a mean value does not 
alone describe with adequate accuracy the factor. It is to be noted, 
however, that gross return per hectare of arable land on farms of 
less than 10 hectares ranged from 413 marks to 7 759 marks. In case 
the classification of farms in terms of their size only is considered 
adequate, variations in gross return, for instance, between various 
farms are so sharp that no far-reaching conclusions can be drawn, 
on the strength of the mean values, about the return and its 
formation. 
Despite the fact that in the following examination, the farms 
are divided into different groups in terms of the production line 
involved, there are considerable variations in the formation of 
production between the groups. Average gross return rates in the 
various groups are as shown in Table 2. 
As regards the intensity, it may be noted that in terms of 
gross råturn per hectare of arable land, the farms specialized in 
growing sugar beet were the most intensive ones. Upon an examination 
of gropland use, it may be noted that these farms grew the beet 
on a fairly large scale. On farms of less than 10 hectares, for 
instance, nearly 60 per cent of arable land was under sugar beet 
cultivation. By the same token, the figure on farms of 10 to 20 
hectares and on farms of more than 20 hectares averaged about 20 
per cent. 
If production intensity is assessed solely on the basis of 
gross return per hectare, farms specialized in animal husbandry 
show the most extensive cultivation. The fact that a farm has 
specialized in milk production does not generally increase the 
return. On the other hand, farms specialized to a large extent in 
pig husbandry indicate that this move has clearly increased the 
intensity as expressed in pecuniary terms. 
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B. Return of animal husbandry and its formation 
Although the farms examined here represent different production 
Iines as 	mentioned in this study, we may, however, take note of 
the relatively great importance of milk production in a number of 
other groups than those specialized in milk production (Table 3). 
This is because specialization has obviously occurred in many 
individual cases through an increase in the cultivation of a special 
product without an essential decrease in milk production. It is to be 
noted, however, that differences are found between farms of different 
sizes. Farms specialized in pig husbandry have clearly cut back milk 
production, a fact particularly in evidence on small farms. On the 
other hand, farms of less than 10 hectares growing sugar beet have 
produced fairly large quantities of milk. It is natural, then, that 
the additional amount of feed arising from sugar beet culture, 
particularly on small farms, makes possible intensive milk production. 
It may be noted here that on farms of less than 10 hectares which 
have specialized in sugar beet culture, dairy husbandry has yielded 
an average of 1 000 marks per hectare. The corresponding figure on 
farms of 10 to 20 hectares has averaged 436 marks and on farms of 
more than 20 hectares 260 marks per hectare. 
Farms particularly specialized in meat production are not 
included in this study. The return yielded by cattle husbandry 
indicates the return coming, apart.from milk production, from 
the sale and consumption of beef on the farm. 
As regards pig husbandry, it may be noted that farms of less 
than 10 hectares of arable land have been run most intensively. 
On these farms, pig husbandry yielded an average of 1 035 marks, 
on farms of 10 to 20 hectares 784 marks and on farms of more than 
20 hectares 816 marks per hectare. Table 3 also shows the number 
of farms with no pig husbandry. 
Because of the relatively small number of farms specialized in 
poultry keeping, the materia' examined in this study does not provide 
a representative picture of this branch of production. It is to be 
-9 
noted, however, that some measure of poultry husbandry, in most 
cases chicken husbandry, is practiced on a minor scale along with 
agricultural production. Of the 115 farms of less than 10 hectares, 
54 or about one-half have reported no income from poultry keeping. 
Of the 226 farms of 10 to 20 hectares, 105 have reported no income 
from poultry keeping and of the 274 farms of more than 20 hectares, 
118 have reported no income from poultry keeping. 
Apart from the average figures for various production items, 
Table 3 also shows the corresponding standard deviations. Also, 
it shows the range of each item and the number of observations 
with a zero value in each category1) A similar practice has been 
followed in other contexts as well. 
C. Return of plant cultivation and its formation 
The formation of the return yielded by plant cultivation 
has been examined on the basis of the yield gained from growing 
bread grains, wheat and rye, potato and sugar beet (cf. Table 5). 
As regards bread grain culture, it has been of relatively minor 
significance and has been practiced on a relatively minor-scale on the 
farms examined in this study, particularly on the small farms (Table 4). 
The extent of bread grain, rye and spring wheat, culture 
has average 5.5 per cent on farms of less than 10 hectares. In this 
connection, arable land under bread grain cultivation also includes 
land used for growing rye and spring wheat. Farm land set aside for 
1)no = the frequency of zero values in the entire group 
Vv = the range in the entire group, the smal1est value 	0 inside brackets 
sx = standard deviation 
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growing winter wheat which has been of some significance on a number 
of farms, has not been taken into consideration. The size of cropland 
under bread grain culture was, in relative terms, largest on farms 
not growing sugar beet. On these farms, arable land under rye and 
spring wheat cultivation totalled 11.3 per cent of the total. On farms 
of 10 to 20 hectares, the size of arable .land under bread grain ' 
culture has average 11.4 per cent of the total. On plant culture 
farms proper in this c4tegory, it has totalled 38.1 per cent. Also, 
on farms specialized in growing sugar beet and those on which the 
return yielded by animal husbandry has amounted to 50 to 80 per cent 
of the gross return, it has average 13 to 14 per cent. Also, on plant 
culture farms of more than 20 hectares, the size of arable land 
under bread grain cultivation has averaged more than 30 per cent 
of the total. Also, farms of a major size specialized in growing sugar 
beet have grown bread grain on lands representing more than 20 per 
cent of the total. 
As regards the extent of sugar beet culture, it is to be noted 
that on farms of less than 10 hectares, sugar beet has been grown 
on lands representing an average of 4.4 per cent of the total of 
arable land under cultivation. On farms of 10 to 20 hectares and 
on farms of more than 20 hectares, it has average 2 to 3 per cent. 
It is to he noted that on the farms of more than 10 hectares mentioned 
here and specialized in growing sugar beet, about 22 per cent of 
available arable land has been under sugar beet cultivation. On 2 
farms of less than 10 hectares growing sugar beet, the size of 
arable land under sugar beet culture has totalled nearly 60 per cent. 
Generally, smaller farms have grown sugar beet on a relatively large 
scale. On farms of more than 10 hectares of arable land representing 
other production Iines, sugar beet has been grown on lands amounting 
to 2 to 3 per cent of the total. 
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Indicated, inside brackets, in Table 4 is also the percentage 
figure showing cropland use on farms growing the plant in question 
in general. These actual percentage figures are, of course, higher 
and indicate the extent of plant cultivation in terms of mean 
values derived from the farms growing the plant in question. 
In this connection, cropland use has not been examined in 
its entirety. With a view to different production line comparisons, 
the extent of bread grain and sugar beet culture was felt to clarify 
theeconomy of farms representing different production Iines. It is 
clear that the extent to which other plants, e.g. potato, feed 
grain and hay, are cultivated and how pasture lands are arranged, 
affect in many ways the manner in which the economy of a farm is 
planned,but they have not been examined separately in this study. 
Table 5 indicates the size of arable land in each category. 
No actual differences in farm size within a category seem to exist 
except one: in the more than 20 hectares category, plant cultivation 
farms not specialized in growing sugar beet, the average size is 
clearly above the mean value. It seems natural, therefore, that the 
mechanization needed in growing bread grain is becoming possible on 
larger farms, affecting the choice of a production line. 
Table 5 shows the formation of the return resulting from 
plant culture on farms representing different production Iines. 
It seems natural that in pecuniary terms, the biggest return has 
been registered on farms specialized in growing sugar beet. On farms 
of less than 10 hectares, the return has average 2 408 marks per 
hectare of arable land and on farms of 10 to 20 hectares growing 
sugar beet 1 395 marks and on farms of more than 20 hectares 1 265 
marks. What has been said before indicates that there are only 
two farms of less than 10 hectares specialized in growing sugar 
beet. In the other categories, their number is 7 to 8. 
Because in the calculation of gross return in agriculture, 
only the yield - also as regards individual products - which is 
made up of sales or transfer outside agriculture is taken into 
consideration, grains, for instance, do not include that part of 
- 15 - 
the return which has been used for animal feed. Feed is included 
in the return only as the so-called final product in the form of 
animal products. This is clearly in evidence in the case of potatoes, 
since included in the gross return obtained from potato culture 
are only potato sales and the estimated consumption in households. 
On the other hand, potatoes used for feed are included in the 
return yielded by animal husbandry. Also, as regards the sugar beet, 
the return consists only of beet sales according to the methodology 
used in this study. The top yield is reflected in the return only 
in the form of different animal products. The standard variations in 
the mean values of different groups included in Table 5 also show 
the variations in the return derived from plant cultivation between 
individual farms. 
2. Variations in cost 
A. Variations in different items of production expenses 
Production expenses in agriculture refer to the sacrifices, 
in monetary terms, made to achieve the gross return. Production 
expenses include ali production costs except interest claim on 
capital1). 
Production expenses on the farms examined in this study averaged 
1 132 marks per hectare of arable land in fiscal 1967. Also, costs 
per hectare of arable land were, on the average, higher on smaller 
farms than on the larger ones. The difference partly stems from the 
fact that an increase in the use of production factors has been 
necessary in order to achieve a fairly high return. Part of the high 
fixed costs stern exclusively from the small size of the production 
unit. Production expenses on farms of less than 10 hectares have 
average 1 981 marks, on farms of 10 to 20 hectares 1 344 marks and on 
farms of more than 20 hectares 1 019 marks per hectare. Variations 
in production expenses and their different components on farms of 
roughly equal size have been highly significant. 
1)As regards the method whereby business costs are calculated, see 
the s-Eudies referred to in connection with gross return. 
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Costs of purchased supplies which representan averageofone-thirdof 
the total production expenses have averaged 562 marks on farms of 
less than 10 hectares, 362 marks on farms of 10 to 20 hectares and 
361 marks onfirms of more than 20 hectares. Costs of purchased 
supplies in the said groups have varied as shown in Table 6. 
Table 6. Variations in costs 
Arable land 	Average costs 
of purchased 
supplies 
marks/hectare.  
of purchased supplies 
Costs of purchased supplies 
minimum 	maximum 
marks/hectare marks/hectare 
Under 10 hectares 562 59 2 	709 
10-20 U 362 100 1 173 
20- 361 111 1 651 
Averar_r,e 374 
The most important components of costs of purchased supplies 
are purchased feed, purchased fertilizers, purchased seeds, 
pesticides, electricity bilis and liquid fuels. It is clear that 
the use of these materials essentially depends on the organization 
and intensity of the farm business. Tables 7a, 7b and 7c show 
variations in these material-cost components on farms of different 
farms-size categories and of different production line categories. 
The figures showing the dispersal of results indicate, among other 
things that purchased feed has been used most onfarms specialized 
in pig husbandry and, in general, on farms on which animal husbandry 
has been of relatively major importance. Purchased fertilizers, 
again, have been used most on farms specialized in growing sugar 
beet and, in general, on farms placing major emphasis on plant 
cultivation. The dispersal of results with regard to the use of 
materials has been substantial between different farms. 
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Costs arising from the use of human labor on ali the farms 
average in 1967 nearly 50 per cent of the total production expenses. 
Labor costs per hectare of arable land on farms of less than 10 
hectares were nearly fourfold compared with farms of more than 
20 hectares (Table 8). Variations in labour costs between farms 
of similar size were substantial. 
Table 8. Variations in labor costs 
Arable land Average labor 
costs 
Labor costs 
minimum 	maximum 
marks/hectare marks/hectare 
Under 10 
10-20 
20- 
hectares 
t? 
ft 
1 096 
676 
385 
512 
48 
60 
3 
1 
011 
748 
740 
Average 680 
Variations in the other components of production expenses, 
such as animal husbandry expenditure, machinery and equipment 
costs, building and land improvement costs as well as the so-called 
other costs in different production Iines and different size 
categories are shown in Tables 	9a, 9b and 9c. As for the 
calculation of various cost units, see the Study of Agricultural 
Profitability in Finland in 1967. 
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B. Variations in the use of labor in agriculture 
a. Human labor 
In agricultural bookkeeping, regular farm work includes the 
normal work necessitated by plant cultivation, care for domestic 
animals, harvest processing and various activities required to turn 
the products into a proper shape for sale, the maintenance of 
machinery and equipment plus various forms of transportation work. 
On the other hand, work in forestry, work done outside the farm, 
household work and investment work are not included in regular farm 
work. Table 10 indicates regular farm work and its average variations 
on farms representing different production Iines. 
As regards regular farm work, labor necessitated by plant 
cultivation on farms of less than 10 hectares has averaged 187 hours 
per hectare of arable land, 113 hours on farms of 10 to 20 hectares 
and 69 hours on farms of more than 20 hectares. Also, the average 
labor input in animal husbandry in per-hectare terms has been clearly 
greater on small farms than on the bigger ones. As regards labor input 
on farms representing different production Iines, no clear differences 
are visible in the volume of plant cultivation work on small farms 
(of less than 10 hectares). However, on farms engaged to a fairly 
substantial degree in pig husbandry, the volume of plant cultivation 
work is markedly lower than in the other groups. In agriculture, the 
use of human labor depends on the availability of farm machinery and 
a number of factors other than the production line in question. The 
volume of plant cultivation work on farms growing bread and coarse 
grains, sugar beet, potato etc. essentially depends on the size of 
arable land under cultivation and the mechanization of the farm. On 
the larger farms, on the other hand, mechanization has already 
proceeded quite far as evidenced by the labor input figures. On the 
larger farms (of more than 20 hectares), plant cultivation work in 
per-hectare terms has, obviously due to the intensity of feed 
cultivation, been roughly on the same level as on the farms specialized 
in growing sugar beet, i.e. 75 to 80 hours per hectare. On these 
larger farms, generally specialized in plant cultivation, the volume 
of plant cultivation work is clearly lower than on farms of equal size 
but representing a different production line. 
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It is natural that the labor input in animal husbandry on farms 
predominantly engaged in plant cultivation is lower than on farms 
specialized in animal husbandry. If different groups of farms 
practicing animal husbandry are compared with each other, it will 
be found that on the farms specialized in pig production, particularly 
on farms of less than 10 hectares, the labor input in animal husbandry 
in per-hectare terms is on the same level as on the farms specialized 
in milk production - or on a lower level. 
As regards the use of human labor, one may draw the conclusion 
that the average per-hectare input is affected more by the size of 
the production unit than the production line involved. It is clear 
that there has been no way of examining here purely different 
production Iines or different degrees of mechanization. Furthermore, 
one may note that on farms predominantly engaged in plant cultivation, 
particularly those specialized in growing grains, the labor input is 
clearly lower than in the other groups. 
b. Tractor and horse work 
In the application of the factor analysis, the use of a tractor 
or a horse in farm work has also been examined as factors. Tractors 
and horseshave been used in regular farm work on the farms included 
in this study as follows: 
Farms of less Farms of Farms of more 
than 10 	10 to 20 	than 20 hectares hectares hectares 
Horse work, hours/hectare 	25 	11 	3 
Tractor work, _ 	_ 	24 24 22 
Affecting significantly the mean values is also the fact whether 
a tractor or a horse has been employed. It may be noted here that 
of the 115 farms of less than 10 hectares, 71 have relied on horse 
work. In this category, there is only one farm with no tractor work 
at ali. Of the 226 farms of 10 to 20 hectares, 142 have used a horse 
in agricultural work. In this category, tractor work is found on 
every farm. In the third category consisting of 274 farms of more 
than 20 hectares, ali have employed a tractor and 120 have also used 
a horse. 
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3. Yield levels 
In order to figure out harvest levels for different farm 
categories, rye, spring wheat and sugar beet yields per hectare 
and the average feed unit harvest per hectare were calculated. 
Also calculated was the average milk production of cows. 
As regards differences in harvest between different categories 
of farms, the average feed unit harvest on farms of various sizes 
was roughly the same. Among the farms representing different 
production Iines, those specialized in growing sugar beet have 
reported the highest average feed unit yield. Also,farms engaged in 
pig husbandry with farms of less than 10 hectares excluded have 
registered feed unit harvests above the average. 
As regards bread grain yields, wheat harvest in per-hectare 
terms, particularly on the large farms, has exceeded the yield 
levels of other farms of equal size. The material contained in this 
study suggests that the average sugar beet yield on the farms 
specialized in growing sugar beet has been higher than in other 
groups. Similarly, harvest levels on small farms specialized in 
growing sugar beet have been higher than on the larger ones. 
The average yield of cows on farms of more than 20 hectares 
has been 4 632 kilos or somewhat more than on smaller farms. Also, 
on farms with specialized production, such as those growing sugar 
beet or engaged in pig husbandry, the average yield of cows is 
higher than in the other groups. Generally, specialized farms are 
also in other ways intensively cultivated. It is interesting to note 
that the lowest average yield per cow is registered on farms most 
specialized in cattle husbandry and in animal husbandry in general. 
Table 11 also shoks the number of farms in each group represented by 
the figures for average harvest and production. In this connection, 
it has been impossible to obtain quantitative figures on beef 
production or the average production of pigs and poultry. 
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4. Variations in the use of human labor in forestry 
and by-enterprises 
Although this study is confined to an examination of 
agricultural production, the use of labor is so closely related 
to forestry and by-enterprises that they have been referred to in 
this connection for the sake of comparison. The volume of by- 
enterprise work has also been used as a factor in the factor analysis. 
The following figures show the labor input in forestry supplied 
by the farmer, his family and permanent hired labor. 
Farms of 	Farms of 	Farms of 
less than 	10 to 20 	more than 
10 hed=es hectares 20 hectares 
Farmer's family, males, hours/farm 244 308 289 
Hired labor, 	males, _u_ 10 24 170 
Forestry work, total, _u_ 1) 263 345 467 
Forest land, average, hectares/farm 19 32 80 
In the small-farm category, forestry work on the farm has 
amounted to on average of 33 eight-hour work days per annum. On 
farms of 10 to 20 hectares, the corresponding figure is 43 work 
days and on farms of more than 20 hectares, 58 work days. On the 
larger farms, the amount of forestry work per farm is greater than 
on the smaller farms. Yet, the labor input supplied by the farmer 
and his family plus the permanent hired personnel on the farm is 
substantially lower on farms with large forest lands. It is clear 
that on the bigger farms, their own labor capacity has been 
insufficient to cover ali forestry work. 
1)Human working hours are the combined working hours of men and 
women added with one-half of the working hours of children. 
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Members if th;e farmer's family have been engaged in permanent 
by-enterprises outside the farm as follows: 
Farms of 	Farms of 	Farms of 
less than 	10 to 20 	more than 
lo hectares hectares 	20 hectares 
By-enterprise work, males, hours/farm 	297 
- 	I? 	- , females 	19 
II total 	hours/hectare 320 
190 
16 
210 
168 
18 
207 
On farms of less than 10 hectares, the average labor input 
in by-enterprises corresponds to 40 work days, on farms of 10 to 20 
hectares as well as on farms of more than 20 hectares, 26 work 
days. By-enterprise work is primarily done by men. As regards 
by-enterprise work on farms representing different production 
Iines, persons on plant cultivation farms specialized in growing 
grains have clearly had most time for by-enterprise work. 
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II. DEPENDENCE OF GROSS RETURN ON VARIOUS FACTORS OF PRODUCTION 
1. Selection of factors influencing gross return by means 
of factor analysis 
A. General 
The preceding has been concerned with an examination of 
variations in different agricultural gross return and the factors 
influencing them plus their average levels in terms of production 
Iines on farms of different size categories. It does not, however, 
show how different factors affect gross return. The second part 
of this study attempts to solve this problem by estimating production 
functions describing the aforementioned interdependence. Actually, 
this study employs gross return functions because production quantity 
is given in monetary terms. Efforts have been made to give the 
study more depth in order to differentiate it from an ordinary 
function analysis through the use of a factor analysis as a 
preliminary study primarily intended to reveal the factors affecting 
the formation of observed items related to a certain phenomenon. 
Involved is, then, in most cases the expression of a large group 
of variables by means of a few factors. In most cases, it can also 
be used in the study of interdelpendence and accordingly, in an 
analysis preceding a regression analysis in the selection of 
variables for a model. 
B. Factors examined in the factor analysis and 
production function analysis 
In the application of the factor analysis and later on, in 
the production function analysis, the following method has been 
used as regards the various factors involved. 
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Milk production (X1) corresponds to the amount of milk 
produced by cows in the year in question. This information has been 
obtained from nearly ali farms as part of a separate so-called milk 
recording scheme and the results are based on regular 
measurements made at certain intervals. 
Plant cultivation work (X2) includes the regular farm work 
performed in order to achieve the return arising from plant 
cultivation. Thus, it includes land preparation, fertilization, 
sowing, repairs and harvest handling. Also, it includes various 
forms of transportation work as well as any possible storage work. 
The figures represent the work done by the farmer and his family 
plus any hired labor. 
Animal husbandry work (X5) includes the care for domestic 
animals plus the handling and transfer of feed in the building 
reserved for domestic animals. It also includes milk handling and 
transportation. 
Other agricultural work (X4) includes functions which could 
not he included in the above categories. This group contains various 
forms of transportation, storage, repair and maintenance work. Yet, 
it does not include investment work or work done in forestry or 
other non-agricultural work. 
Management work (X5, X6) includes that part of the farmer's 
work which is concerned with farm management, planning and other 
related work. 
By-enterprise work (X7) involves the amount of work done outside 
the farm. This does not include forest work done on the farm itself. 
Horse and tractor work (X8' X9) has been calculated on the 
same principle as the use of human labor in agricultural work. 
Arable land in adjusted-hectare terms (X10) refers to the 
cultivated land which, apart from cropland, includes garden land and 
regularly harvested meadows. In bookkeeping, the conversion is made 
in per-hectare terms. In practice, the size of arable land in 
adjusted-hectare terms is very close to the actual size of land 
under cultivation. 
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The various items of gross return (X11-X23) are given in the 
form they are defined in the calculation of gross return in 
agriculture. Cattle husbandry return includes, f.ex. the return 
yielded by meat production. As regards plant cultivation, the return 
insofar as grains, f.ex., are concerned, does not include that part 
of the yield used on the farm by animals. These items are included 
among the various forms of domestic animal husbandry return. 
The various cost items (X24-X36) correspond to the various 
items of production expenses according to agricultural bookkeeping. 
It is to be noted that purchased feed costs (X24) consist of the costs 
of arising from the use of Durchased feed during the year in question. 
This group also includes the vitamins, mineral substances and other 
related additives purchased for domestic animals. 
The costs arising from the use of purchased fertilizers (X25) 
include the use of various fertilizers and agricultural lime unless 
a major liming is involved. 
The costs arising from the use of pesticides (X23) include 
purchased pesticides. If the spraying has been done by an outsider, 
it is also included in the labor costs. 
Farm machinery and equipment depreciation, as shown in 
bookeeping, plus maintenance costs and annual costs arising from 
the purchase of minor equipment have been taken into consideration 
in machinery and equipment costs (X33). Maintenance costs include 
purchased materials and the timber obtained from the farm. If 
maintenance• work is done by mambers of the farmer's family or 
permanent hired personnel, labor costs are not included in machinery 
and equipment costs. Included in machinery and equipment costs is 
also the purchase of such new materials for which no annual 
depreciation values are 
have been calculated in 
costs. Land improvement 
provided. In principle, building costs (X34) 
the same way as machinery and equipment 
costs (X35) mainly consist of costs occasioned 
by drainage with depreciation and maintenance costs included. 
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The size of land under bread grain (rye and wheat) and sugar 
beet cultivation (X37' X39' X41)  is calculated in terms of percentage 
points of the entire area of arable land. Rye (X38), spring wheat 
(X40) and sugar beet (X42) harvest å represent the gross harvest in 
terms of kilos. 
Feed unit harvest (X43)  means the average feed unit harvest 
per hectare of ali plants grown on the farm. Tops and other byproducts 
are included in the feed unit harvest if they are collected for use 
on the farm. 
List of variables  
xi 
 Milk production 
X2 
	Plant cultivation work 
X3 Animal husbandry work 
X4 
	Other agricultural regular work 
xs Management work, men 
X6 Management work, women 
x7 	Byenterprise work 
X8 
	Horse work in agriculture 
X9 Tractor work in agriculture 
X10 Arable land on the farm 
X11 Cattle husbandry return 
X12 Dairy farming return 
X13 Pig husbandry return 
Poultry husbandry return 
X15 Domestic animal husbandry return 
X16 Domestic animal husbandry return 
gross return 
X17 Plant cultivation return, total 
X18 Wheat return 
X19 Rye return 
X20 Pea etc. return 
X21 Potato return 
X22 Rutabaga return 
X23 Sugar beet return 
kilos per cow 
hours per hectare 
hours per farm 
hours per hectare 
adjusted hectare 
marks per hectare 
o/oo of 
marks per hectare 
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X24 Purchased feed costs 	marks per hectare 
X25 Purchased fertilizer costs 	_ u _ 
X26 Purchased seed costs _ 7' _ 
X27 Pesticide costs 	 _ 11 _ 
X28 Electricity costs _ ri _ 
X29 Fuel costs _ u _ 
X30 Costs of purchased supplies, total 	_ u _ 
X31 Domestic animal costs, total 	_ TT _ 
X32 Labor costs 	 _ I/ _ 
X33 Machinery and equipment costs 	_ u _ 
X34 Building costs _ 41 _ 
X35 Land improvement costs 	_ u _ 
X36 Other costs, total _ II _ 
X37 Land under rye cultivation o/oo of the 
total 	 o/oo1) 
X38 Rye harvest kilos per hectare 
X39 Land under spring wheat cultivation 
o/oo1)  o/oo of the total 
X40 Spring wheat harvest 	kilos per hectare 
X41 Land under sugar beet cultivation o/oo 
of the total 	 o/oo 
X42 Sugar beet harvest kilos per hectare 
X1Y,3 Feed unit harvest, average 	feed units per hectare 
C. Factor analysis model 
In the following, the assumption is that the observed information 
lies in the form of a so-called observation vector composed of the 
variables that are te be measured. Let us .assume that there are N 
observation vectors and each vector contains n variables. To denote 
the jth variablewewinmarkitX.(j = 1,2,...n). To denote the jth 3 
1)In the regression analysis, the combined variable X37 + X39 refers te land under bread grain cultivation 
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. variable of the th observation vector, we will mark it X.. 31 
(j = 1,2,...n, i = 1,2,...N). Factor analyses usually rely on the 
standardized variable of z.. which is derived by subtracting from 31 
the original variable its mean value and by dividing the balance 
by the standard deviation of the variable or 
 Z.. = 11 
x.. - 7. 3,1  
s. 
With these entries, the factor model assumes the following 
form: 
zj  = ajlF1 + a.2 F2 +...+ aipFp 	+...+ a. F + a.U., Jm m 	J 
in which F (p = 1,...,m) is a common factor which the factor 
analysis is designed to reveal. Each variable, then, is formed 
bymeansoftheseactualfactors.u.(j = 1,...,n) is a unique 
factor characteristic of each variable. The coefficient a. is 
3P calledtheloadingofthevariablez.on the factor F and the 
matrixconsistingofthea.series is called the factor matrix A. JP In an examination of the problems involved in the determination 
of the A matrix, the assumption is that the factors are orthogonal, 
i.e. independent of_each nther and standardized. 
To try to give. an  interpretation to the elements of the factor 
matrix - the loadings - it is necessary to figure out the Pearson 
correlation coefficient between the variable z and the factor F 
(cf. HARMAN 1960, p.17). 
 rz.F = a.1 r 	+ a. r 	+...+ a. r 32 FF 3 P 	3 FpF1 	p2 	3m FPFm 
Because in the above, the assumption was that the factors F are 
independent of each other, the formula (3) is simplified as follows: 
r 	a. 	(j = 1,2,...,n,p = 1,2,...,m) z.F 	3P 3 P 
Thus, the loading a. of the variable z. on the factor F 3P 
is to be interpreted as a product moment correlation coefficient 
between the variable and the factor. 
2 	2 	2 s. = 1 = a. + a. 31 	32 
2 	2 a. + a. im (5) 
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Thevarianceofthevariablez.may be written in the form: 
In this dissection, the sum of the first component of m, 
2 h2 a2 a . = 	. + 	+...+ a.2  , is called the communality of the variable. J 	ll 	j2 	Jm 
It is, therefore, part of the variance of the variable which may 
be explained by means of common factors. The rest of the variance 
(3_ contains the specificity and the unrealiability of the variable. 
The correlation coefficient between the variables as calculated 
from the factor matrix may be written in the form: 
(6) 	r. 	= a. a 	+ a. a 	+...+ a. a 	(jk, j, k = 1,2,...,n). ik 31 kl 	32 k2 3m km 
or written in the matrix form: 
(6') 	R+ = AA', 
in which R+ is a so-called reduced correlation matrix in which 
variable communalities h2, = rji are on the principal diagonal. This 
equation (6') was called by the inventor of the multiple factor 
theory, Thurstone, the basic equation of the factor analysis. In the 
application of the equation to a correlation matrix, the problem is 
how to select proper principal diagonal elements because, 
unfortunately enough, there is no a priori information about the 
communalities. A common, simple way to solve this problem is to 
choose for the principal diagonal the highest correlation coefficient 
of the corresponding variable along with the other variables. In 
practice, this method is accurate enough provided the number of the 
variables is substantial. There is empirical evidence proving that 
it is not of very great significance just what values ona3of smaller 
than one are placed on the principal diagonal of the observed 
correlation matrix when the number of the variables is greater than 
20, for instance (HARMAN 1960, pp.88 - 89). 
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D. Factor solution and rotation 
A factor solution refers to the derivation of the factor matrix 
A from the matrix describing the interdependency of the variables, 
the matrix which almost always is a correlation matrix. There are 
several methods whereby a factor solution is performed but today 
the one used almost exclusively is the principal-factor solution 
developed by Hotelling in the 1930s (cf. HARMAN 1960, pp.135 - 186). 
The result of the factor solution, factor matrix A, is not 
unique because it may be replaced by any matrix obtained through an 
orthogonal transformation. The purpose of a rotation is to find such 
a transformation whereby it is possible to figure out from the 
rotated factor matrix the relationship between the variables in a 
simple way and in a form that can easily be studied. 
THURSTONE (1953 pp. 319 - 346) laid down five so-called simple 
structure requirements for a orthogonally rotated matrix (cf. also 
RIIHINEN 1965, p. 120): 
Each factor matrix line must have at least one zero loading. 
If there are m common factors, each factor matrix column 
must have at least m zero loadings. 
There should be several variables for each pair of factor 
matrix columns whose loadings remain unessentially small in one 
column but not in the other one. 
If there are four or more common factors, a substantial 
portion of the variables should have zero loadings in both columns 
per each pair of columns. 
In addition, it is desirable that for each pair of columns 
there should be only small number cf variables with essential 
loadings in both columns 
In practice, it is hardly possible to meet ali these requirements 
except in special cases. Furthermore, another drawback of these 
criteria is their qualitative character; they cannot be dressed in 
the form of mathematical equations and the absence of exact definitions 
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leads to more or less subjective rotation solutions. For this 
reason, efforts were made in the 1950s to develop more accurate 
definitions than those of THURSTONE. 
In agriculture, factor analyses have been applied, above ali, 
in the study of the effect of human factors on economic results 
(VAINIO-MATTILA 1966, TAURIAINEN 1966). Somewhat different was a 
study by the Danish researcher NIELSEN seeking to explore variations 
in the statistical data obtained from bookkeeping farms (NIELSEN 
1964) and to describe a group of variables by mean of a few non-
correlated factors. 
In this study, the factor analysis is not a primary objective 
but represents a preliminary study preceding a production function 
analysis. It is employed to examine the interdependence of the 
variables and to study whether there might be such primary factors 
as produce empirical results from the bookkeeping material. A 
production function analysis is, of course, possible without a factor 
analysis. The problem is, above ali, the selection of variables which 
may involve logical deduction or, with some reservations, a so-called 
selective regression (cf. Appendix I) analysis although the latter, 
being a blind method, may give illogical results. In the early stage 
of a study, a factor analysis may, however, confirm the selection 
of variables made on the basis of logical deduction of bring new 
variables under consideration. Moreover, it gives a preview of the 
imbortance of the variables in the model. 
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2. Results of factor analysis 
A. Farm of less than 10 hectares 
A factor analysis has been applied to three farm categories 
examined in this study, i.e. farms of less than 10 hectares, of 10 
to 20 hectares and of more than 20 hectares. The purpose of this 
categorization has been to examine the effect of farm size on the 
formation of various factors and their order of importance. 
In the small farm category, there are some distinct factors 
which are mainly recognizable as different production Iines. As 
Table 12 shows, sugar beet cultivation is the strongest factor. In 
the case of this factor, the strongest loadings are to be found in 
the yield of sugar beet cultivation (variable x23) and the size of 
farm land under sugar beet cultivation (x41). In addition, purchased 
fertilizers (x25) and harvest per feed unit (x43) consequently have 
large loadings. Other loadings, too, with the exception of milk 
production, fit this factor. 
The second factor is called cattle husbandry, because the returns 
yielded by dairy farming (x12) and cattle husbandry (x11) have the 
biggest loadings. Plant cultivation ought not to be included in this 
factor. It is, however, closely related to cattle husbandry, a fact 
which obviously explaind the large loadings characterizing plant 
cultivation return (x17'  ) pea and other plants (x20)  plus potato 
(x21). As they are, however, relatively small, they are not confusing 
this distinct factor. In this connection, it should be noted that it 
is difficult, indeed impossible, to assess the significance of feed 
cultivation on the basis of its return because the return corresponding 
to the feed grown on the farm is only manifest in the form of final 
products. Thus, gross return does not inolude any yield from feed 
culture. Instead, it is reflected in milk, meat, egg etc. return. 
For this reason alone, the use of return components may in some cases 
be confusing. 
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The use of labor is the third major factor which may seem 
suprising because many production function analyses have shown 
that productivity of labor is fairly low and the said variable 
is a fairly insignificant one (TORVELA 1966, p.98). In this 
analysis, the use of human labor, however, proved an important 
variable. On small farms, the use of labor may be of considerable 
importance in the efforts to increase the intensity of production. 
Pig husbandry, the fourth factor, represents a type of special 
production which, because of its intensity, may have a decisive 
effect on the economic results achieved in agriculture. Thus, it 
is understandable that pig husbandry emerged distinctly in this 
analysis. The occurance of poultry return on this factor obviously 
indicates that actually, a special production factor in domestic 
animal production is involved. Pig and poultry husbandry are without 
question the major forms of special production on the bookkeeping 
farms involved in this study. 
The fifth and sixth factors, rye and wheat cultivation, are 
pure production line factors with only obligatory loadings. The 
seventh factor may be regarded as a mechanization factor due to the 
horse and tractor work loadings. 
A fixed computer program gave 15 different factors of which 
factors 8 to 15 are hard to in-tErpret which is the reason why they 
ware not named at ali. The eighth factor, for instance, could be 
described as rutabaga culture factor. As the rest of the factors 
have loadings belonging to mutually unrelated variables, no 
conclusions can be drawn about them. 
B. Farms of 10 to 20 hectares 
On farms of 10 to 20 hectares of arable land, the major factors 
are the same as in the previous category with the exception that 
in this group, the fifth factor is recognizable as a beet and potato 
production factor (Table 13). The order of the factors, too, is 
somewhat changed. Sugar beet culture is still the first one but 
thesecond factor in the previous category, cattle husbandry, has 
dropped to seventh place, a circumstance which may be partly 
explained by the fact that on larger farms, cattle husbandry 
is not necessarily as predominant as on the smaller ones. It is 
to be noted, however, that on farms of, more than 20 hectares, 
cattle husbandry is one of the major factors. 
The second factor, the use of labor, is clearly recognizable 
in this category. Factors 3 to 7 are distinct production line 
factors, mainly describing various production components in 
agriculture which constitute the gross return. The mechanization 
factor, No. 8, is distinct in terms of its loadings. On the other 
hand, it is difficult to find any clear meanings for the ninth 
factor while its loadings are small and the biggest loading with 
regard to income from by-enterprises (x7) does not seem to fit 
in with the others. 
Poultry husbandry and management emerge as new factors (factors 
10 and 11). The rest of this solution is even in this case 
incoherent and unclear. 
0. Farms of more than 20 hectares 
Perhaps surprisingly, cattle husbandry ranks first in this 
category. In the previous chapter, it was pointed out that on the 
larger farms, cattle husbandry does not play as significant a role 
as on the smaller ones. It is to be noted, however, that of the 
277 farms included in this category, some are fairly small. Of 
these farms, 115 have an area of 20 to 30 hectares and 109 an area 
of 30 to 50 hectares. There are only 53 farms of more than 50 
hectares which may be regarded as rational production units in terms 
of their size. For this reason, the central importance of cattle 
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husbandry in this category is understandable. The result may also 
signify that on these farms, the economic results may be essentially 
raised, through intensive cattle husbandry, from the low average 
yield occasioned by extensive farming. The factor contains, however, 
many other loadings, some of which belong to plant cultivation, 
such as the area under spring wheat cultivation (x39'  ) for instance. 
Thus the character of this factor is not quite clear (Table 14). 
Sugar beet cultivation is in this category one of the most 
significant factors. The distinct character of this factor is 
traceable to the fact that sugar beet cultivation clearly differs 
in terms of its intensity, for instance, from the production of 
several other products. The third factor, pig husbandry, also 
represents special production which is evident in terms of high 
intensity in feed costs (x24'  ) for instance. The fourth and fifth 
factors (rye and wheat cultivation) are again distinct factors 
because they only have the necessary loadings. 
The other factors could also be partly examined. Yet, an 
interpretation is difficult because the loadings are small compared 
with the others. A combination of the loadings with each other 
does not seem sensible, either. Factors 8 and 9 may 
perhaps be regarded as poultry husbandry and potato culture factors. 
Factor 7 is perhaps a cost-describing factor because it contains 
several components belonging to production expenses. 
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D. Application of factor analysis results 
To summarize the results, it may he noted that the various 
categories of farms share several factors. The only distinct 
difference between the various categories is that on farms of 10 
to 20 hectares, milk production has been given less emphasis than other 
in the/categories. This does not, however, necessarily have to 
represent an essential difference because in practice, the actual 
difference need not be as marked as indicated by the relative order 
established on the basis of mathematical calculations. 
The factors which emerged generally indicate a production 
line. Thus, the factor analysis did not clearly produce anything 
which would affect the production function analysis to be examined 
later on. A factor analysis is used to reveal potential undisclosed 
or hard-to-find factors. Thus, in psychological studies, a factor 
analysis may have been used to dig up, for instance, various talent 
factors which cannot, as such, be directly associated with various 
results of learning. Although in this study, the factor analysis 
could not be used to reveal actual dummy variables, it does not rule 
out the poss-7 bility that such factors should influence agricultural 
production. In this analysis, the variables are input and production 
factors whose influence is both physical and biological and in that 
sense easier to gauge. In the case of human factors, the actual 
factor has to be replaced by several components. Yet, in this 
connection, the factor analysis was applied before the actual 
production function analysis. Despite the fact the factor analysis 
did not disclose any unknown production factors, it strengthened the 
importance and mutual interdependence of the explanatory variables 
with an eye to the production function analysis. 
MP. = 1 
y 
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3. Production function analysis 
A. On production functions in general 
Production functions refer to the dependence of the volume of 
production, the yield, on various production factors. This study 
is concerned with the dependence of agricultural gross return or 
its subdivisions, domestic animal husbandry or plant cultivation 
return, on such inputs as labor (human or machine labor), land (its 
quality and quantity), fertilization, feed use above ali, the use of 
concentrated feed, pesticides, and so forth. The aforementioned factors 
can also be expressed by means of several different variables whereby 
their impact can be examined more accurately. The problem often is 
how to express quantitatively the factors, a task which is not always 
easy or even possible within the framework of a farm enterprise. 
Among the concepts related to the production function 
Y = f (X1, X2,..., Xn) 
in which Y = production and X1, X2  ... Xn are inputs only marginal 
product (MP) (cf. f.ex. HEADY 1952) may be mentioned here. 
X2,..., Xn) 
X. 1 
Later on, this will be used in on examination of the logicality of 
the estimated mode1s, for instance. 
In order to make various production items commensurable, we have 
to use gross, animal husbandry and plant cultivation returns as 
dependent variables. Also, most inputs are given in monetary terms. 
Because this study covers only one year, the drawbacks arising from 
price differences are not great. Similarly, the farms are located 
practically in the same region, helping to reduce price variations. 
In the case of some inputs, a pecuniary form may prove even better 
because in part, at least, it measures the differences occasioned by 
quality (cf. f.ex. TORVELA 1966, p. 92). 
1)As regards the concept and general application in agriculture of 
production functions, see BERINGER 1956, HEADY 1952, KETTUNEN 1966, TINTNER 1952, WEINSCHEENK 1964. 
i = 1, 2,.. „n • 
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B. Selection of production function form and variables 
In the application of a regression analysis, the specification 
of individual functions must be performed first, i.e. the selection 
of variables and the definition of the form of the function, to be 
followed by the choice of an estimation method. 
As regards the choice of variables, there are several studies 
closely related to a discussion of this subject (B:T= et al.1957, 
JENSEN E. VESTERGAARD 1964, RYYNÄNEN 1967, SANDQVIST 1961, TORVELA 
1966). On the other hand, the problem itself examined in this study, 
the dependence of gross return on various factors of production, 
provides clear hints with regard to the selection of variables. The 
real problem is that ali conceivable variables cannot be included 
in a model because of lacking statistical data. One such important 
variable is land quality which obviously affects crop results (cf. 
RYYNÄNEN 1967, p.51). One may attempt to solve the problem of 
variable selection by using purely statistical methods, for instance, 
by employing a so-called selective regression analysis to pick up 
out of a great number of variables those which on the best and/or 
certain criteria meaningfully explain the variations of a given 
variable (cf. Appendix I). Admittedly, this method is not satisfactory 
in every respect because a seeming correlation may produce errors. 
Logical deduction may be the best method in choosing the variables. 
Thereby it will be possible to seek a maximum number of variables and 
thereafter select the final, most useful variables by means of 
statiatical methods, for instance. 
The choice of a form for the function is perhaps even more 
difficult because of the large number of alternative forms, particularly 
if the best possible form is to be sought for each variable. To define 
a form for the function, attention must be paid to the path of the 
function with ali possible argument values. In other words, the value 
of the function :fliust be examined with argument values from zero to 
the infinite, extreme values and inflection points must be calculated 
and the logicality of function changes must be examined by means of 
the marginal product (riarginal revenue product), for instance (cf. 
KETTUNEN 1966, p. 10). 
/ 
/ 
11 	III 	IV 
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It is not always possible to find the correct final result on 
the basis of the available material, because it may be too limited 
for estimation purposes. Statistical data is often obtained from 
practical life while there is no way of influencing it systemically. 
Experimenta1 arrangements are not often possible, for instance, with 
respect to the entire production of a farm. For this reason, the 
range of the variables is often too narrow and it does not contain 
the extreme values or not even necessarily the area of profitable 
production, not to mention a situation containing observations about 
the use of production factors in an area which is clearly unprofitable 
while prdduction begins to fall (excessive use of fertilizers and feed, 
f.ex., area IV, Diagram 1). 
Return 
Input 
Diagram 1. Production function 
Thus, the observations may be, for instance, entirely inside 
area II (Diagram D whereby the function model should be the model of 
a continuously growing function and the result applicable only within 
the area of observation. On the other hand, due caution needs always 
to be observed when a function model is applied outside the 
observation area. The maximum or optimum given by an estimated 
function may provide some hints with regard to the logicality of the 
model (cf. KETTUNEN 1966, pp.12-15). 
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The types. of function most frequently applied are the linear 
and logarithmic models. Their applicability depends, of course, on 
the problem under examination. There are, however, general criteria 
on the basis of which it is possible to assess different types of 
function. For instance, the constant marginal product given by the 
linear model is unsatisfactory considering the entire potential range. 
The logarithmic model is in this respect more logical even though 
its marginal product may also be assessed because it is constantly 
getting bigger or smaller. 
The type of function used in this study is transcendental: 
logy 	a 	log 	+ u. 1 11 
One of its advantages is its elasticity because it gives a wide 
range of marginal products depending on the regression coefficients 
and their signs. If we examine a simple transcendental function: 
logY = a + b logX + cX 
the marginal product is: 
dYb = 	7 	c) Y 
The function reaches its maximum when 
X = - 
The following cases may be distinguished on the basis of 
regression coefficients and their signs: (Diagram 2). 
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c< o, b, 1. The most typical production function. Production 
grows at first at an accelerating pace, then slows down after the 
point of inflection to subsequently reach the maximum, goes down 
at an accelerating pace, slowing down after the point of inflection. 
c< 0, 1-7 b7 0. Production grows, reaches the maximum and turns 
down. 
c = 0, 	Production grows at a falling pace (the general 
logarithmic model). 
c = 0, b = 1. Constant marginal product (the linear model). 
c<0, b.<0. Production falls steadily. 
6. b = 0, c 0. Production declines at a falling pace. 
c".0, 1:›b:70. Marginal product:-0, first declining then growing 
after the inflection point. 
 c,0, b 	1. The same model as No. 9. 
 c = 0, b>1. Production grows at an accelerating pace 
(logarithmic model) 
 b = 0, c, 	. Production grows at an accelerating pace. 
 c -,=-0, 13.4 	0. Production falls at first, achieves the minimum 
and turns to a rise 
c = 0, b = 0. Constant product. 
Of the foregoing models, No.'s 1, 2 and 3 are generally acceptable 
for agricultural production functions. Their extreme values and 
production function values with argument values 0 and are logical. 
On the other hand, models 7, 9 and 10 obviously are not logical 
because it is unthinkable that by substantially increasing one input, 
better results could be obtained. Model 11 is partly acceptable but 
not entirely. The same is true of model 5. Model 6 is a1so partly 
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- 63 - 
acceptable. Models 3, 6, 5, 9 and 10 are only parts of a general 
model, for which reason they are plausible at some point of the 
range but are not to be generalized. Should the estimation give 
these models, the assumption is that the statistical material 
is too limited for the estimation of the entire production function. 
It has given only part of the said function. 
The above examination is also applicable to a multiple variable 
model (1). With the use of a two-dimensional graphic presentation, 
changes in the values of other values mean a shift in the entire 
curve on the system of coordinates. The special points of the curve, 
of course, change if the values of the other factors change. One 
drawback of the transcendental function is its difficult mathematical 
form for which reason it is hard to figure out the extreme points, 
for instance. 
The least-squares method may be used to estimate the functions 
because in principle, the models only contain one function and 
only a one-way dependency can be assumed to exist between the 
dependent and explanatory variables. The choice of an estimation 
method becomes problematical in the case of a two-way dependency 
whereby so-called multiple-equation models consisting of several 
functions have to be used. 
4. Results of production function analysis 
A. Compulsory regression model 
A compulsory model refers in this case to a regression equation 
including ali variables selected for examination. The purpose is to 
study how variables chosen a priori fit in a production function. 
The selective regression analysis used in the second phase picks up 
only statistically significant variables. Thereby some variables 
- 64 - 
affecting the return are obviously left out but their effect is 
so small that it does not become manifest in terms of statistically 
significant regression coefficients because of the large variance. 
Thus, the non-meaningful coefficients of a compulsory model may 
attract some interest. The explanatory variables used here include 
the following: 
X1 = Milk production kilos per cow 
X2 = Plant cultivation work hours per hectare 
X3 = Animal husbandry work 
X8 = Horse work 
X9 = Tractor work 
Xlo = Arable land on the farm adjusted hectare 
X24 = Purchased feed costs marks per hectare 
X25  = Purchased fertilizer costs 
X27 = Pesticide costs 
X33 = Machinery and equipment costs 
X35 = Land improvement costs 
X37 X39 = Land under rye ± wheat cultivation 
X41 = Land under sugar beet cultivation 
X43 = Feed unit harvest feed units per hectare 
In addition to the regression coefficients (b) and their 
standard errors (s ) the following tables show the function class b ' 
as indicated above. The coefficient of determination of the function 
is expressed by the correlation coefficient R. 
The dependent variable corresponds to the logarithm of the 
gross return and the returns of animal husbandry and plant cultivation 
and the independent variables are 14 variables, both linear and 
logarithmic, chosen consciously on the basis of the preceding factor 
analysis. The model has been applied to each farm category. 
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Table 15. The debendence af gross, animal husbandry and plant 
cultivation return on different inputs, regression 
coefficien6 b, their standard errors b function class fl 
(see Diagram 2) and their common correlation coefficient R 
Farms of less than 
Variable 	Gross return 
fl 
sb  
10 hectares. 
Animal husbandry 
return 
fl 	b 	sb 
Plant cultivation 
return 
fl 	sb 
Constant 1.93848 .79935 -1.27162 1.13731 .72640 2.60464 
X1 	11 .00001 .00001 5 -.00000 .00002 2 	-.00003 .00004 
X2 7 .00010 .00025 2 -.00056 .00036 2 	-.00026 .00083 X3 	11 .00060 .00020 1 -.00129 .00022 2 	-.00,076 .00051 X8 2 -.00072 .00063 5 -.00020 .00090 5 	-.00027 .00206 X9 	2 -.00071 .00123 2 -.00017 .00175 5 	-.00002 .00401 Xlo 2 -.00895 .02470 11 .01174 .03515 11 	.18093 .08049 X24 	7 .00007 .00002 7 .00006 .00004 11 	.00010 .00008 
2 X25 -.00029 .00040 2 -.00064 .00058 11 	.00013 .00134 X27 	11 .00229 .00101 2 -.00016 .00143 2 	-.00017 .00329 X33 2 -.00010 .00024 11 .00044 .00035 7 	.00090 .00080 X35 	2 -.00006 .00132 2 -.00014 .00188 2 	-.00241 .00429 -1- 	X39) 	2 (X37 -.00367 .00196 7 .00211 .00278 7 	.00793 .00637 X41 	2 -.00163 .00426 5 -.00040 .006(16 2 	-.00130 .01387 X43 7 
logX1  
logX2  
.00002 
-.01181 
.06859 
.00004 
.01695 
.11670 
7 .00001 
-.00976 
.31275 
.00007 
.02412 
.16604 
2 	.00003 
.00299 
.72309 
.00015 
.05523 
.38027 logX3  -.23299 .04985 1.13226 .07093 .00756 .16244 logX8  .02085 .02359 -.00838 .03356 -.09379 .07685 logX9  .05239 .06390 .01151 .09092 -.20831 .20822 logX10  .35736 -.15509 .50845 -2.96896 1.16445 logX24  .16530 .03146 .27753 .04475 -.17668 .10250 logX28  .20534 .11664 .31808 .16595 -.02335 .38005 logX27  -.02968 .02978 .01293 .04237 .01877 .09702 logX33  .10304 .11393 -.05531 .16210 .08249 .37123 logX38  .00481 .02973 .00003 .04230 .08010 .09687 log(X37-1-X39) 
lo g-14.1 
.05237 
.00315 
.03479 
.04449 
.03123 
-.03731 
.04940 
.06330 
.00904 
.37537 
.11337 
.14497 logX43  .11665 .28387 ,08507 .40388 .48280 .92495 
.90669 	.97568 	.79355 
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Table 15. 	Cont'd, 	Farms of 10 
Variable 	Gross return 
fl 	b 	sb 
to 20 hectares 
Animal husbandry 
return 
f1 	b 	sb 
Plant cultivation 
return 
fl 	b 	sb 
Constant 
X1 
X2 
X3 
X8 
X9 
X 10 
X24 
X25 
X27 
X33 
X35 
X37+X39 
X '41 
X43 
logX1  
logX2  
logX 
s 1ogX, 
logX9  
logX10  
logX24  
logX25  
logX27  
1ogX,3  
logX,5  
log<X37+X39) 
logX41  
logX43  
11 
11 
11 
2 
11 
5 
7 
2 
11 
11 
7 
2 
2 
2 
.87938 
.00001 
.00005 
.00056 
-.00024 
.00037 
-.00224 
.00008 
-.00029 
.00450 
.00040 
.00157 
-.00282 
-.00268 
-.00001 
-.01695 
-.02357 
-.10702 
.00064 
-.04538 
-.01047 
.13546 
.11453 
-.02873 
-.03218 
.01537 
.01874 
.02650 
.60044 
.93232 
.00001 
.00028 
.00013 
.00091 
.00126 
.02155 
.00004 
.00027 
.00142 
.00027 
.00199 
.00079 
.00257 
.00004 
.01334 
.07944 
.03354 
.01872 
.06391 
.73440 
.02475 
.06428 
.02227 
.11252 
.02721 
.01809 
.02834 
.26262 
11 
11 
1 
7 
11 
2 
7 
2 
11 
11 
2 
2 
5 
2 
1.72014 
.00001 
.00009 
-.00239 
.00011 
.00157 
-.01182 
.00001 
-.00053 
.00119 
.00068 
-.00124 
-.00245 
-.00461 
-.00001 
-.00452 
-.02900 
1.26641 
.01486 
-.02997 
.33269 
.27937 
.12125 
-.02339 
-.13269 
.03157 
.00467 
-.03290 
.48672 
1.63897 
.00002 
.00049 
.00023 
.00160 
.00221 
.03787 
.00007 
.00047 
.00250 
.00047 
.00349 
.00139 
.00452 
.00007 
.02345 
.13965 
.05895 
.03292 
.11235 
1.29104 
.04351 
.11300 
.03915 
.19780 
.04783 
.03181 
.04982 
.46169 
-1.91167 
	
11 	.00002 
11 	.00039 
2 	-.00116 
2 	-.00406 
11 	.00329 
11 	.11708 
11 	.00013 
7 	.00025 
2 	-.00172 
7 	.00018 
11 	.00848 
7 	.00684 
7 	.00658 
1 -.00019 
-.02454 
-.08209 
.08414 
.05936 
-.26915 
-3.83037 
-.14449 
.18032 
.05383 
.12973 
-.09075 
.13639 
.27220 
2.10465 
3.14734 
.00004 
.00095 
.00045 
.00307 
.00426 
.07274 
.00013 
.00090 
.00480 
.00091 
.00670 
.00267 
.00868 
.00014 
.04503 
.26817 
.11322 
.06322 
.21575 
2.47920 
.08356 
.21700 
.07517 
.37984 
.09187 
.06109 
.09566 
.88658 
.87507 	.96864 	.78928 
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Table 15. 
Variables 
Cont'd, 	Farms of more than 20 hectares 
	
Gross return 	Animal husbandry 
return 
fl sb 	fl 	sb fl 
Plant cultivation 
return 
bsb 
Constant 1.39524 1.18079 -4.30690 3.04323 4.45560 3.71274 
X1 11 .00002 .00001 2 -.00002 .00003 11 .00003 .00004 
x9  11 .00022 .00047 2 -.00098 .00121 11 .00034 .00147 
X3 11 .00084 .00018 1 -.00329 .00049 2 -.00213 .00059 
X8 7 .00104 .00161 11 .00021 .00345 11 .00419 .00421 
X9 11 .00048 .00161 11 .00113 .00414 11 .00229 .00505 
X10 2 -.00024 .00073 2 -.00036 .00188 2 -.00262 .00229 
X24 7 .00012 .00002 2 -.00002 .00005 2 -.00041 .00006 
X25 11 .00036 .00021 2 -.00101 .00055 11 .00093 .00067 
X27 2 -.00089 .00091 2 -.00292 .00234 2 -.00397 .00285 
X33 2 -.00033 .00038 2 -.00060 .00099 2 -.00043 .00121 
X35 2 -.00257 .00176 11 .00272 .00455 2 -.01136, .00555 
X3739 11 .00167 .00056 2 -.00041 .00145 7 .00332 .00177 
X41 2 -.00250 .00292 11 .00841 .00752 2 -.00784 .00918 
X43 7 .00006 .00006 1 -.00013 .00016 11 .00036 .00019 
logX, 
logX2  
-.02996 
-.05444 
.01498 
.08035 
.02127 
.039114 
.03860 
.20708 
-.05156 
-.10400 
.04709 
.25264 
logX3  -.02969 .02004 1.03122 .05167 .00728 .06304 
logX8  .00323 .02033 -.00797 .05239 -.05464 .06392 
logX9  -.04865 .08700 -.18769 .22422 -.15144 .27354 
logX10  .04802 .08583 .04880 .22120 .38019 .26986 
1ogX24  .07790 .01426 .47423 .03675 .05523 .04484 
logX25  -.06282 .06713 .19262 .17300 -.10027 .21107 
logX27  .05481 .02171 .07901 .05594 .15859 .06824 
1ogX33  .22594 .14889 .30128 .38371 .33186 .46813 
logX35  .02387 .02716 -.01626 .07001 .14481 .08541 
log(X371-X39) .03001 .01748 .01707 .04504 .06194 .05495 logX41  .02131 .02978 -.10542 .07675 .11326 .09363 
logX43  .29907 .39945 1.04325 	1.02950 -1.08112 	1.25599 
R 	.88120 	.97501 .80781 
- 68 - 
A general feature characterizing the models is that only a 
few regression coefficients are statistically significant with 
a 95 per cent significance. Significant variables are animal 
husbandry work, purchased feed costs, pesticide costs, land under 
sugar beet cultivation and arable 1and in a linear and/or logarithmic 
version. The coefficient of determination of the functions is very 
good. It seems the return of animal husbandry can be explained best 
while the coefficient of determination for the return of plant 
cultivation is clearly smaller. 
Because of the mathematical nature of the model, no direct 
conclusions can be drawn from the size of individual regression 
coefficients. Rather, they should, for instance, be turned into 
marginal revenue products at mean 1evels. Marginal revenue products, 
however, depend on the input level. Thus, it is more interesting to 
study the form of the function itself with each variable separately 
while other factors remain unchanged. Here we may note first that 
the most widespread function class seems to be No. 2 (cf. Table 15). 
It could quite possibly become the general production function along 
with function class No. 1. Therefore, we may say that generally, 
the estimated models conform to the assumption. Earlier references 
have been made to the fact that all variables do not realize this 
class of function and that this may stem from too narrow a range. On 
the other hand, models 1 and 2 need not be universal, i.e. applicable 
to ali production functions. As regards the sub-functions, animal 
husbandry and plant cultivation returns, ali variables are not 
logical. The computer program used in this study gave the functions 
as by-products and because they may supply additional information 
about the formation of the components forming the gross return, 
they have been presented in this connection a1ong with the actual 
principal function. 
In many instances, the variables of empirical material are 
mutually correlated. Thus, any increase or decrease in the number 
of variables generally affects ali regression coefficients. While 
the models have a total of 28 variables and only a smal1 portion of 
them are statistically significant, the estimated models may be 
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regartledas unsatisfactory in this respect. Statistically non-
meaningful variables are usually left out of the model. For this 
reason, the estimation was also ccnducted with a selective regression 
analysis whereby only statistically significant regression 
coefficients were obtained. 
B. Selective regression analysis 
In this study, a regression analysis has been applied separately 
to each production line and farm-size category. Theiranscendental 
model has again been used as the basic model along with ali the 
variables used in the previcus analysis. The tables will show the 
order in which the computer program added the variables to the model. 
At the same time, the said order indicates the importance of the 
variables. The criterion by which the variables are selected in the 
selective analysis is the F value of the analysis of variance, is 10 
i.e. it has been constant regardless of the degrees of freedom. 
With a growing number of variables, the F value should, however, 
diminish if the same level of reliability is to be achieved in ali 
models. The t values suggest that in some models, the reliability of 
regression coefficients is at least 99 per cent and in others, at 
least 95 per cent. Within the framework of a fixed computer program, 
it is impossible, however, to devote attention to a settlement of 
this problem. 
a. Gross return 
Farms of less than 10 hectares 
The selective regression analysis gave the farms of less than 
10 hectares of arable land 8 statistically significant terms while 
there were only 5 terms in the compulsory model. Plant protection 
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(X27) is missing in the selective regression analysis - in the 
compulsory model its coefficient is significant - but coming to.its 
place are logX2, logX25, logX33 and logX43. A similar exchange of 
significant variables appears later on: the number of significant 
variables grows in the selective regression analysis. The overall 
correlation also rises higher than in the compulsory model due 
to increased degrees of freedom while the number of variables 
diminishes. 
The gross return function on farms of less than 10 hectares 
contains 6 variables of which plant cultivation work, purchased 
fertilizer plus machinery and equipment costs, feed unit yield are 
included only as logarithmic versions whereby the coefficients are 
elasticities as such. The coefficients related to them are largely 
logical because an input increase gives an ever diminishing return. 
On the other hand, the results are also partly illogical because 
the maximum is infinitely great. Purchased feed costs and animal 
husbandry work appear in the model in an actual transcendental form 
and, as was pointed out before, their interpretation would require 
their transformation into gross revenue products. They depend, 
for their part, on the overall input level. Thus, a simple method 
of assessment is not to be found. The type of function (11) related 
to animal husbandry work which gives a minimum of 161 hours per 
hectare with a range of 0 to 678 hours per hectare while other 
variables are at their mean levels. There is no reliable explanation 
as to why the return drops initially. Also, it seems obvious that 
the return does not grow infinitelv if the input is constantly 
increased. Therefore, the estimated model is not generally applicable 
as regards this coefficient. 
	C0('4 	r-1 CO r-1(0 0) 
r-I C> cm 0 
• 	. 
5 •••-• 
c•1 CD 	CD Cr) 	CO 	c„.1 c- 
(0 c‘si C•1 cN CD C) H CD H CD 
/1 	/1 	 /1 	 /1 	 /1 
r-I H 	C1  CV 	(D 0-) 	0 (0 	r-i if, 	Ln (0 	cr) _- 	1--1 -- 
cv LI) 	H .- 	cn cr) 	N- 	o... - 	.- .- 	H -• 	OD 1.0 CD 0 	CO 0 	('4 C> 	cr) 0 	CM 0 	cm C> 	H 0 
. . 	. . . . • . 	. 0 40 • 0 0 • 0 
..r. 	 ...... 	 ,J. 	 ',.." 	 .....•• 	 ..~... 	 ,...., 	 ,../ 
0) CO 	N- N- 	.d- (0 	0-) -d- 	C) t,- 	H 0 	('JO) 	N- C•1 
co ,:::) 	r..i CO 	CO H 	0 d" 	0) ro 	Li-) 1,4 	0 r-I 	CM 1-1 r-1 1-1 	cn o 	cr) r-I 	0 c\I 	(3 c,-) 	H C•4 	00 c.1 	en (- \J . 	. • . . . • . • 	0 I& ... . 	. . 	. . 
CS..) •••••• 	C \ I S.....* 	r 	'..... 	r.-1 ...." 	H ‘...... 	r«.1 S....' 	r.-1 '....." 	r 	',.., 
0) 	0) 	0 	C•1 	1-1 	Co 	10 	C,4 00 H 1..1, C1. CO OD 0 H 
10 	Go 	co 	CO 	CO 	(0 	0) 	0) . 0- • • • 
csa 	cn 	zt 	LO 
" 	" 	r 	...-. 	" cp CO 	-Z" CD 	1-0 D 	CD LO 	r-1 ..- -d- CO 	C---.. CO 	H CO 	t•J L--- 	GO (1- 	0) C) 0 	Cs4 0 	CO 0 CO 0 	Csq C_.) . 	. . • . 	• • ,......, ......, 	•.-.... 	...-, •-• 
r_ 	 /1 	 /1 	 /1 	 ....1 	 /1 
CO --t- 	C11 C\i 	Zr 0 	CD 00 	-7.t 0-) 	rl CO CD ..=1- 	0) zi- 	OD =t 	CD 00 	cr> CD 	C\1 Or-) 	CO CJ CD H CD 1-1 CD H 0 1-1 0 H 0 . . 	. . 	. . 	. . 	. . 	. . ......., ...., ..-, ........, ....... •._. 
•••1 	 /1. 
CO C.,1 	e1  C11 	N C11 	C1I C11 	CD Cs.1 	Cn (•1 	0) C,4 
1-1 CD H CD r-1 CD H 0 0 C) 0 C> CD CD CD CD 	CD CD 	CD CD CD CD 	CD CD CD C) 	CD CD CD CD 	CD CD 	CD CD CD CD 	CD CD CD CD 	CD CD CD C) 	C) CD 	CD CD CD CD CD 0 CD . 	• • 	• e 	. • 	0 • 	 • • 
CO 
o f
 f
u
n
c t
io
n  
— 71 — 
co
ef
f i
c
ie
n
ts
  
w 
HCici 	rH LIG 
0 '0 Cn 
'Ii 	0 r-I 
Z fr.; 
ci 
113 rti 
CD X 
X • 	 tn 
0 (24 0 
rd  
rc 4J  
>1 
CD 0) 	 --i 
'0 -H "0 	----- 
-H U H c=. 
(n-,-1 rU 	cli cif 	H 
-H 4-1 0  
CU 	 0 H 
eö C) 
rti 	 '0 
Cl.) 
(n 	.---. 
(LI 	FE3 CD 
4' re-, U) H 4-3 	0 "Ci +-I Ufl 
P C) efl 0 
W W 0 H 
cn  
CO 
H 
4-, 
.H 
0 0 	 CD—' W CD 
1 	'-C ' d 	H 
0 0 	'«C H r-1 0 W W 0 0 
Cn 	UI 	0 •H > H 
0 
rti 
b-0 	0 
G) rö H 	0 
P4 	A .H 
4-, rd 
--. 	-,-1 	1-6 	---• 
U) rd > cD 
-H4-' rd 	4- -H 	H 
rl 0 	H 0 H 
n3 0 0, c..) •--, 
ui n 
u) 	rd 
w 
o U) 
H4W 	rd 
(!) P 	A U) 
(00) 0 r(i 4-1 
W 0 U) F-.A cll 0 bfl 	ftl 4H 0 
0 
W '0 0)  
> 	 0 N 
-HIO 	cfi -H 	"--, 
4-1 rd H CD 
O 	En 	,1:: -,-1 cn 	.--1 
0 U) U 4-1 4-, 12 
H 	0 	F-1 u) 0 
W 0 H 
Cr] 	CD 	ilel, 4-1 0 •-•• 
Ta
b
le
  1
6
.  
Cii 
c 
- 72 - 
The function model relating to purchased feed costs is not 
universal, either. Its marginal revenue product is first diminishing 
but after the inflection point, 	it turns to a rise. 
The inflection point is in this case, while the other variables 
are at their mean levels, X24 = 1 134 marks per hectare with a mean 
value of X24 = 336 marks per hectare and the range of X24 being 0 - 2 411 marks per hectare. Thus only a small portion of the 
observations fall inside the area of growing marginal revenue product. 
Of course, the estimated model is possible within the range of the 
variable but it is not to be generalized. 
As regards purchased fertilizers, the elasticity is 0.181 in 
the last step. This means that a 1 per cent increase in fertilizer 
costs results in a 0.18 per cent increase in gross return. On the 
mean level, 	= 2 055 marks per hectare and -)25 = 149 marks per 
hectare) this gives a marginal revenue product of 2.5 Thus, 
fertilization has been remarkably profitable at this level. While 
fertilization increases, however, the marginal revenue product 
declines although the optimum moves within the framework of the 
model to a higher level with higher input levels. - Separate studies 
are planned to facilitate an optimum examination on the basis of 
these results. 
Also, as regards plant cultivation work, the marginal revenue 
product is greater than 1 (1.3) on the mean level. Involved is, 
however, marginal revenue product per hour of work. Thus, it depends 
on the price of the working hour whether the optimum is reached on 
the product level in question. Labor input obviously has exceeded 
the optimum level because, on the average, the price of a working 
hour is higher than 1.3 marks. 
Comparing the results given by the selective regression analysis 
here with the compulsory regression model, we may note that the 
selective regression analysis gave 8 significant coefficients while 
there were only 5 in the compulsory. Additional variables have reduced 
the significance obviously because of internal correlation. One of 
the variables, pesticide costs (X27) is not included among the 
significant variables. In its place came other factors related to 
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plant cultivation. In the selective regression model, the correlation 
coefficient is slightly higher than in the compulsory model, a 
circumstance caused by savings in the degrees of freedom. 
Tables 17 and 18 show ali the estimates of the intermediary 
stages of the model. They offer concrete evidence of the changes 
in regression coefficients while new factors are added to the model. 
Of course, the coefficient of determination grows in each stage in 
accordance with the computer program, but it may be fairly high 
even in an intermediary stage and so, such an intermediary model 
may be applicable. Obviously, the models must, however, be applied 
in toto because individual coefficients change from model to model. 
Farms of 10 to 20 hectares 
As regards farms of 10 to 2o hectares of arable land, (Table 
17) it may be noted that the number of significant coefficients 
increased by 5 compared with the compulsory model with X24, X27, 
X33' X35' X43 and logX43 being new terms. The interpretation of 
the model with regard to several coefficients is, however, unclear. 
Referring to- purchased feed, again, is function class No. 7 but in 
this case, the point of inflection, X74 = 1 100 marks per hectare, 
is outside the range of 0 - 968 marks per hectare. As regards animal 
husbandry work, the result is the same as in the previous category: 
the function type is No. 11. Feed unit yield in the estimated model 
is, some what unexpectedly, function type No. 2. As the feed unit 
yield rises ceteris paribus, the gross return should also rise. In 
the case of this variable, the gross return reaches its maximum at a 
point outside the range. Thus, the empirical material does not 
include the declining portion of the production function curve. 
- 74 - 
(0 (0 ▪ CO CO 
("JO CJCi  
CD CD 	CD CD 	CD 
CD 	CD 	H 
	
. . 	• . 
r. 
" CO 0 
CD H r-I 0 0 cr) 	cH 
H CO r-ICD H CD 
0 	• 0 	. 
1 • 1 • •-• 
CD 	CD 	rl 	Le) 00 
C 1 0 	CO C) 	CO ) co 
CD CD 0 0 CD CD CD CD CD 
0 0 	CD CD 	CD 0 0 r-1 
. . • 	• • 
/1 
CD CO 	0,1 00 	c1) 00 	00 
CO rl 	0,1 Cs.1 	O.1 0.4 	Cs4 0'4 
CD CD H CD H CD r CD 
0 	• 0, 	0 • 	• • 
Cr) 	0▪ -) (Nl 
CO CD 	(0—1 	(0 	w H 
0 0 	0 0 	CD 0 	0 0 
0 0 	C) CD 	CD CD 	CD CD 	H 
CD CD 	CD CD 	CD CD 	0 CD 	H .. . . . . . • . 
...." 	....... 	......, 	...... 
C"-- CO 	CD CO 	CO CO • 	00 CO • 	0,4 CO 	C) OC)▪ 	CD CO 
CO 0 	..- CD 0 	Cr) C) 	CO 0 	0,1 0 	CO C_D 
0 0 	0 CD 0 0 0 0 0 0 C) 0 0 C.) 
0 0 	0 0 C) 0 0 0 0 0 0 0 C) CD 0 
0 0 	0 0 0 C) 0 0 0 0 0 C.) 0 0 H 
9 M 01 M 	0 0 	
. . 	0 0 	• • 	•• • 
,••••• 	 ...... 	 .,.... 	 S..., . ....... 	 ‘..., 	 Sr,  
co 	 ..• 	- co • 	co en 	Lr, cr- , ▪	co co 	co cY) 	cn =▪ l- er) 0 e<1 l. 	("J C) H C) H 0 	0 0 C-) CD C_) 0 
CD 0 0 C) 0 C) 0 0 0 0 CD 0 0 0 C> 0 
0 0 	C) 0 0 0 0 C) 0 p 0 0 0 0 0 0 C-- 
0 0 	0 0 0 0 D 0 0 CD 0 C1 0 CD 0 0 . . . . 	. . 	. . 	• . 	. . 	• . 	• . 
N...., 	N../ ,...., ...... ,....., ...-/ ,...., s.....,  
" 	" 	,•-,, 	" 	". 	..----. 	" 	" 
L.r) cN 	co c\J 	co ro 	un o o 	co H 	co C•1 	CD ('4 	Cs4 0 
:-1 CO 	Cr) c0 	C-- CO 	cA Lo 	LO cf) 	0-) L.10 cf) 	CD cf) 	0) C) 	Csi 
0) 0 C-- 0 CO 0 	CO 0 CO 0 CO 0 	1-1) 0 LO C.-> CO 0.4 . • 	• . 	. • • . 	. . 	• • 	• • 	• . 	. . 
......, ...... ..../ 	,.../ N.." ,.../ ..../ ',...., ,.../ 
" 	CO " 	h" ''''s 	/1 
Cn CO 	Zt 0) 	Z• i- r''... 	co cn • 	C‘.1 CO 	C\J C) 	CO 0) 	0 cn 	zt cn 	0 
CD r-i 	r-I 3-, 	r--1 C-. 	CO LCD 	CO CO 	.- CO 	0 Cs. 	('4 0'- 	0) 0 	•r-I 
ci esi Le) H h H 10 H CO H on H .. H - 1-1 0 CO 	4-3 . . 	. . 	• • 	. . 	• IP 	• 0 r•-I • .--1 . 	. . 	0 ...., ..-., ..-.. ...... ...... ......, 	...... 	....., ....., 
4-1 
i 	CO 	CN 	0 	CO 	.- 	H 	Cs- 	CD 
0 H co 1...o Lo co r-- r- r•-- 	4--, r-- 	co 	co 	co 	co 	co 	co 	co 	OD 0 . • . . . . . . . 
P▪ -+ 
1-1 	C 	 L-10 	CO 	 CO 	 E-1 
CD CO • 	CO 0) 
CD C1cD  
CD CD 	CD 
CDD 	CD CD 
CD CD 	CD 
0 0 
4-) 
H 
n.) 
.-ci b::: 
I r-I rli 
ril 0 
1-1 0.) 
0) >, > 
ri-i 	fd 
4-' 
r. 
ci) 
(3) 
> ., 	0 0) 
03  
4-) 	 P . U) 
ni E 0 
1.H c) 
0 • 
rd f)4 	 >1 
F-: 
p 4-) rk 
H 
Cl) (I) 	rcI rd 
TJ .H  
H 0 	•H u) Pi 
co • H 0 
H 	14-i 	Cl) w . 0 rci 	rd 
't5 	0 -1.-) • H 
0 	0 
IV 	a.) -,-1 CD 
co r1 	 u)- U) 
4-' 	o 	CO 0 
Cl) 
H 	0 	'Cr3 
4-' 0 
H 	 co 	" 
q-, 0 D 	cd cp 
ti-, OH ,C cn 1-1  o rc:i 4_, L. 
00   	
g-i 0 cn 0 
CU 0 H 
0 n LI-I 
E 	0_, li-! 0 •-• 
F cn 
0 E 	>, 
H0 
co 	rEI 	ra 
cn 't3  
CU 	 rö rd ,..- 
rd  
CO 	• rl CO 0 
H ar-> 
PLI 	P 	‹ ,- 
ici 
' •c-1 	>, -H 
cn 	 Cl) 
,-1 ni 	G) 	E 
(1)0)> PA Cn 
>1 	 -H 	-H -1-' 
1--1 4-) 	.5 '1:5 	en 
rd  0 	z rd cll C.) 
rc; 
03 n 	rC 
W (1) 
0 P-, 	co 
,--I 	01) rci cn 
cn • cll 0 rc) -I-) 
(1) 	P o) u) 
S--1 	rt.1 l a)0 
tao 
--1 	P 
4--) 
(1) 	-1-1 	•H 
-w a) " 
,-I • 	J.bO c) 
'Ci ro 	H 
U) 	T:i 1-1 	tin 
0 •c-I (1) 0 0) (1) 0 
H 0) 0 	0 •H > r-I 
0.) 	,. 	--i CL-, >, fti s•-•' 
cri 
(Ii 
C 
Ta
b
le
  1
7
.  
. 
0) 	13) 
'0 -H 
r0 + 	-I-,  
w H 
tf; 
0 
H0 
u) -H 
p*, 	14-1 
rd 	>, 
.4 	0 
,--I 
---' 
-H 1-P w 4-)  ^ 0 H rU 0 (1) " gCD 5 	" bl) 0 
1 	r] 	ill H 
eri -H 
0 
0 W 0 0 
4-, 	4-' rd 0 -H > H 
rd ,. PL-4 	>1 rd .....- 
0 H -4-3 
-H 0 
0 	S-4 
-H 
>, 
4 
rö 
I4-i00 
tk_i 	U 
w 
o 00 0  
E g E 00 
r-i 'uni 
r£- ,--1 	CD 
C eg . 
H 0 4 eJ 
(1) 
cn 	rcs 
'L; 
H " 
W g 0 0 
• • H CO H 4-1  +-I 13!) 
0) 	rii (fl (I) 0 
0) 0 H 
4-,  ni fl, O ....., 
- 
ei) 	rd -ei 
H4-' ril a) 
(00)>u) 
>, 	 rti 
H 0 4-, 	 u) 
iti 0 0 • rc) -P 
0 
4r; «, ro 	iW0 
4f) 	0., 11--I c.) 
Cl) 
0 n-, 	r0 
H 	.-1 	0) 0) 
u) P rk-.1 	(1)  
0)0) 	 rVi 	 C> 
0 1 ,- • (1) 	H 
IDI)- '-, 	8:0)0) 0 
w fu • w 0 	,--1 
ri• z ra_, el-1 0 	....., g 01) 411 
 
4) 
>.4-U)•H 
••-1 u) 	• 	(1) 
4-) • 	- t.)0 
(1) • • H rn 	'd r-1 -I 0 0 W (1) 0.) 
CO ,- 	P 	0 • H > U3 -I-, CO P-1 › Id 
T
ab
le
  1
8
.  
— 75 — 
• CO u) 
C) 
	
CD CO 	0 09 •	1-1 09 CD 	r.4 CD CD 
CD CD 	CD CD 	CD C7 	(r) 
CD CD 	CD CD 	CD CD . . 
=t 	09 H• • 0) C) 	cO cn • 	cD esj 
CO .1- 	09 u9 	u9 U9 	0...! U9 	CD 1-9 	CO 
CO 	C-- CD CD CO CD . • . 	• . 
up • 	CD r/ 	CD 	CD 1-1 	r.4 LO • 	(I) LO =e r1 	u) 1-4 LO H 	0) H CD H 
CD CD 	CD CD 	CD CD CD CD 	CD CD 	CD CD 
CD 	CD CD 	CD CD 	 CD CD 	C7 CD 
CD CD 	CD CD 	CD C3 CD C7 	CD CD 	C3 CD 	r/ 
0 0 0 0 • 0 •• 	 • 0 
•••••,. 	•••r, 	 ••••••• 	 ••••••• 
" " " ". " " " CD C-- 	H UD 	10 =t 	0) 09 U9 CO 	r-- :I- 	CO C) 
0 C‘J 	0 C\I 	1-1 CNI 	CD 0,1 	09 CM 	0-- esj 	CD c‘,1 
U9 r-I 	c0 r-I 	(0 u -I 	(0 H H 	Cf H 	CO H 	cr) CD 0 CD CD 0 0 0 CD CD 0 0 0 CD, CD . . 	• 01 	0 • 	• ° 	• • 	• . 	0 0 
••••••• 	 Sr.•••• ••••••• ••••••• ••../. ••...., •••••• 
0, 	0•1 	=j" C\- I	=▪ J" 0,4 • 	=t 0,1 	.1" CN 	C\J Cq 	r/ (V 
CD 	H CD 	rl CD 	1-1 CD 	r CD H CD 	r-I CD 	H CD 
CD CD 	CD CD 	CD CD 	CD CD 	CD CD CD CD CD CD 
CD CD 	CD CD 	CD CD 	CD CD 	CD CD CD C) 	CD C) 	CD CD 	C-- 
CD CD 	CD C) 	C) CD 	CD CD 	CD CD CD CD 	CD CD 	CD CD 
0 0 0 0 . • 0 0 	0 W 0 0 — 0 0 
•••r, 	 ••ro• 	•••../ 
" "  
=t u9 	=t CO 	r-i CO 	=t u9 	1-0 co 	CO CO r-I u) 	UD CD 	CO Cn 
CO C--- 	U9 C-.- 	CO I--- 	U9 Cn 	_1" C9 	=t Cn 	09 0,) 	CD (0 	CD Cs./ 
CD CD 	C--.. 0 	C--.. CD 	u9 C9 	u9 0 	u9 CD 09 CD 	0) H 	CO H 	e- r-I CD 	CD CD 	CD CD 	CD 0 	CD CD 	CD CD 0 CD 	CD CD 	CD CD • • . . . 	• 0 • • • • 	• • 	0 • • • 
,/ 	,...., 	•••../ ,,,, 	•••../. 	••••../. ‘...... ,./ 	,...., 
.~••• 
CO r-4 	C,,I r-i 	Cs,1 1-1 	0 r-1 	r-i r-4 	1-1 cr) r-I 0 Hi 0 r-I 0 r-1 0 r-i 0 0 0 0 CD 0 0 0 0 0 C) 0 0 0 0 0 0 	0 0 0 0 0 0 0 0 CD CD 
0 0 	0 CD 0 0 0 0 CD CD 0, 0 . 0 0 • 	• 0 	• • 	0 • 	• 0 
%., 	•••••, •••../ •••../ '•••••• 	1 '....... 
" /1 
CO (D • 	en Li) •	r-4 JJ" 	C,Q cr) 	op (T) 	,---. 	...--, 	.--, 	" 	,--, 	0 1-1 CO 	U) C•.1 	r-4 (N 	0 C`J 	C) C,4 	LO .1" 	r-1 0 	(NO 	GO i —I 	CD r-1 	• r-I C--- 0 	u) 0 	CO 0 	CO 0 	L-0 CD 	UD -1' 	CO C-- W N.- 	LO N- 	Cr) N- 	-P • . • . • . . . . 	o r-- 	co 1-1 	0.1 r-4 	CO r-1 	0,4 1-1 	0 es.i ..." 	C•I s-, 	CV s---• 	('4 s•-, 	C \ 1 .....• 	. . . . . . . . . 	. -, 1 
0 	CO 	L--- 	LO 	CO 	CD) 	0) 	CO 
09 CD .1- U) CID W CO I"--- 	L--- 	CO  CO 	OD 	CO 	CD 	OD 	W 	W 	GD CO CO 	0 . . . . . 	e 
0) gi ›) 1-1 	0,1 	CO 	LO 	CO 	N. 	00 	ar) 	cp 	E-4 r-I 
- 76 - 
Of ali the estimated models, this one includes the greatest 
number of terms. New terms not included in the previous category 
are: pesticide and land improvement costs. The latter appears only 
in this model as a significant variable. Uoth are in function class 
No.10, a fact which apparently does not have universal applicability. 
Farms of -more than 20 hectares 
As regards the farms of more than 20 hectares of arable land, 
(Table 18) the model is logarithmic with the exception of animal 
husbandry work and purchased feed costs, and thus the coefficients 
are elasticities as such. Admittedly, their interpretation would 
require, above ali, a gross revenue product analysis. In this study, 
however, the interpretation has been conducted through the use of the 
function classes referred to earlier. The actual transcendental 
variables are similar in form to those cited before, i.e. purchased 
feed costs conforming to function class No. 7 and animal husbandry 
work to No. 11. Thus, in each farm category, an illogical result was 
achieved in respect to this variable, a result which cannot, therefore, 
be haphazardous. As regards pesticide costs, feed unit yield, land 
under bread grriin cultivation, machinery and equipment costs, the 
model is an ordinary logarithmic function: the marginal revenue 
product declines as the input grows. Insofar as they are concerned, 
the model is obviously logical at least considering the material 
examined. A special feature characterizing the estimated results of 
this model is the replacement of the linear term of the feed unit 
yield by a logarithmic term in the seventh step. 
To summarize what has been said about gross return functions, 
their coefficient of determination is fairly high but individual 
coefficients are not entirely logical nor do they meet the 
expectations. Of the available variables, only the percentage of 
land under sugar beet cultivation was not selected for the models 
- 77 - 
but it is indirectly manifest, for instance, in the feed unit yield. 
Also excluded is milk production per cow which conceivably might have 
very clearly explained variations in the gross return. It is to be 
remembered, of course, that included in the models are inputs 
indirectly reflecting variations in the return. 
b. Animal husbandry return 
Because the farms examined in this study largely represent 
farms practicing animal husbandry, the production on several farms 
has been designed keeping animal husbandry specifically in mind. It 
is perhaps for this reason that the results, insofar as the formation 
of animal husbandry return is concerned, were the 
their coefficient of determination and logicality 
As far as animal husbandry work is concerned, the 
is in each farm qategory the classical production 
No. 1. On the farms of less than 10 hectares, the 
maximum point with human labor at point 395 hours 
the other factors are at their mean levels. 
best in terms of 
(Tables 19 - 21). 
estimated model 
function model 
return reaches its 
per hectare while 
In the material examined in this study, this value is near 
the middle of the range 0 - 678 hours per hectare. In the second 
category (10 to 20 hectares), the maximum point is 234 hours per 
hectare and in the third categorY (more than 20 hectares) 142 hours 
per hectare while the other factors are at their mean levels (the 
range being 0 - 277 hours per hectare and 0 - 169 hours per hectare 
respectively). It is to be remembered again that the value of the 
variable giving the maximum point within the framework of the model 
rises as the other inputs grow. Animal husbandry work is in each farm 
categcry the best independent variable. As regards the other variables 
the models are logarithmic (Cobb-Douglas type). Thus, the marginal 
revenue products diminish as the inputs grow. It is natural that 
purchased feed should belong to this model just as feed unit yield 
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(Table 20). As regards machinery and equipment costs, the result 
does not seem a priori logical (Table 19). The fact that it belongs 
to the model may be associated with feed growing and thus the use 
of home grown feed at least in cases in which the farms have been 
engaged in intensive feed production. However, it has not been used 
as an individual variable because of lacking statistical data. 
As regards the logarithmic variables (animal husbandry work, 
purchased feed costs, machinery and equipment costs and feed unit 
yield), their marginal revenue products are greater than 1 at the 
mean level. Thus, an economic optimum has apparently not been achieved 
as far as these variables are ,concerned. In these models, the number 
of variables is smaller than in the gross return or plant cultivation 
return functions. The reason may be that other input variables 
clearly affecting the animal husbandry return were not available. 
The coefficient of determination, however, is high although the 
number of variables is small. 
If we compare the results of the selective regression analysis 
with the corresponding compulsory models, we may note that to the 
smallest farm category (of less than 10 hectares), the logarithmic 
term of machinery and equipment costs has been added. Added to the 
second category (10 to 20 hectares) are animal husbandry costs and 
feed unit yield in logarithmic terms. The variables in the third 
category (more than 20 hectares) are exactly the same as in the 
compulsory models. In the case of both types, the correlation 
coefficients are practically the same or nearly the same. 
One would have expected the per-cow milk production to be 
reflected in these models but this did not happen. The reasons may 
be the same as before. Thus, this factor probably has been replaced 
by other factors. For the sake of uniformity, the animal husbandry 
return function is estimated by figuring out ali variables per 
hectare. This procedure is not, however, defensible in every respect 
because with the help of purchased feed, even small farms are able 
to practice animal husbandry. The domestic animal - and not the size 
of arable land - is, then, the production unit. Thus, both the 
production and the inputs could have been calculated in terms of the 
- 82 - 
number of animals by converting the animals, for instance, into 
cattle unit and calculating the return and the inputs in terms of 
the unit in question. 
As regards the model used here, it is to be noted that there 
are more statistically meaningful variables in the selective model 
than in the compulsory regression model. Additional variables are 
plant cultivation work (X2), purchased fertilizers (X25), land under 
bread grain cultivation (X37 4- X33) plus machinery and equipment 
costs (logX8). 
The priority order ce,E the variables of this model seems logical: 
purchased fertilizers are in first place, followed by machinery and 
equipment costs describing work efficiency, soil preparation etc. 
The importance of the size of land under sugar beet cultivation is 
natural, too because it represents highly intensive farming. The size 
of lands used for growing bread grains, rye and wheat, also represents 
special production compared with plant cultivation in general. This 
is also manifest in the form of meaningful regression coefficients. 
The fact that plant cultivation work is included in the model is 
closely related to machinery and equipment costs either as a 
substitute or as a complement. The results suggest that a complement 
case is in question because the coefficient presupposes a growing 
marginal revenue product. The farms included in this study are 
mechanized only to the extent that horse work and human labor, for 
instance, complement each other. In many cases, the degree of 
mechanization also depends on the production line involved. 
In the 10 to 20 hectares category (Table 23), only 4 variables 
and terms are explanatory factors, namely, purchased fertilizers, 
land under rye and wheat cultivation (%), land used for growing sugar 
beet (%) and feed unit yield. Compared with the compulsory model, 
missing are animal husbandry work, something, which is quite logical 
and the logarithmic term of the size of land under bread grain 
cultivation. Added is, however, one important factor, namely,purchased 
fertilizers. The results indicate that insofar as purchased fertilizers 
and land under rye and wheat cultivation are concerned, not even a 
diminishing marginal revenue product phase was achieved. As regards 
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the use of purchased fertilizers and the extent of bread grain 
cultivation, the results suggest that it would be possible to improve 
the economic results of the farms examined in this study. In the 
case of the two other variables, on the other hand, a diminishing 
marginal revenue product throughout the entire range is involved. 
In the more-than-20-hectare-category, (Table 24) new variables 
in the model are pesticide and land improvement costs, both as logical 
function models No. 3 and 2. Also, function class No. 2 has been 
obtained for arable land size, offering a basis for estimating the 
optimum size of a farm. On the mean level of the other variables, 
the maximum return is achieved with a size of 73.4 hectares. In 
other respects, the model is comparable with the previous ones. 
The examination of plant cultivation return has not been as 
successful as that of animal husbandry return, partly because of the 
small number of distinct plant cultivation farms. No information is 
available on, for instance, land quality which plays a central role 
in plant cultivation. Similarly, weather and other environmental 
conditions plus differences in farm location have a decisive impact 
on the harvest results of different plants. It has not, however, 
been possible to taken them and factors relating to plant varieties 
into consideration within the framework of the material available 
for this study. 
It is to be noted, furtherm=, that at no stage was horse or 
tractor work added to the models which might have been of some 
interest with a view to their substitutes and the use of labor on 
the whole. 
The fact that the coefficients in the compulsory model were not 
nearly significant obviously indicates that other inputs are of 
decisive importance to the formation of the return and that they 
also determine the use of horse and/or machines in general. As 
regards plant cultivation return, the actual inputs include plant 
nutritives (purchased fertilizers), land improvement plus external 
environmental conditions, temperature and rainfall. Other inputs are 
merely indirect variables needed for the realization af those 
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mentioned above. Of course, a good harvest is essentially influenced 
by sowing time, varieties suitability and successfull reaping. 
In addition, crop damage affects the quality and quantity of the 
harvest in terms of certain risk elements. The output of plant 
cultivation is obviously much greater with such external factors 
which cannot easily he expressed numerically. 
In this study, is has not been possible to examine the farmer's 
own input and human factors as a separate factor in general. These 
activities by the farmer himself are only partly reflected in the 
activities examined above. 
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III. SUMMARY AND FINAL CONCLUSIONS 
The purpose of this study has been to study gross return in 
agriculture and the factors influencing it. The.material aelected for 
this study consists of 615 bookkeeping farms in South Finland and 
their economic results in fiscal 1967. Part one of the study is 
concerned with a general examination of the formation of gross return 
and its level in terms of different production Iines and size 
categories. The use of different production factors has been examined 
in a similar manner. Because the size of a farm significantly affects 
the formation of gross return and the use of production factors, 
the farms have been grouped into three categories: farms of less 
than 10 hectares, of 10 to 20 hectares and of more than 20 hectares. 
The criterion used to establish different production Iines is the 
formation of gross return in agriculture. The main Iines are animal 
husbandry- and plant cultivation-oriented farms plus a number of 
subdivisions in each group. Examined in this study are the average 
gross return levels and the major production factors on each farm 
and in each category mentioned above. Particular attention has been 
devoted to the dispersal of various factors, leading to the conclusion 
that because of the extent of the dispersal, the available material 
cannot be properly used without grouping it into uniform categories. 
It is clear that farms specialized in, for instance, milk, beef, 
pork, sugar beet or bread grain production differ significantly from 
each other in terms of gross return and production factors. For this 
reason, in some groups the use of certain inputs may be manifold 
compared with other groups. It seems obvious, then, that in drawing 
conclusions from the results reported by the bookkeeping farms, one 
should examine the farms in terms of production Iines. 
Part two is concerned with the interdependence of gross return 
and production factors, opening with a factor analysis in order to 
select the variables to be included in a later regression analysis. 
The factors that were obtained could in general be recognized as 
- 89 - 
factors describing a production line. Part of the factors remained, 
however, unexplainable because the fixed computer program produced 
only 15 factors some of which were obviously unnecessary. Because a 
factor analysis was employed only in a preliminary examination, the 
analysis was not broadened, for instance, by recalculating the 
factor analysis in terms of the factors that were explained. Among 
the factors, sugar beet cultivation, cattle husbandry, use of human 
labor and pig husbandry (Tables 12 to 14) proved the most important. 
Also, ryc and wheat cultivation plus the degree of mechanization 
clearly emerged as distinct factors. Some potential illogicalities 
were included in the factors but because of the small loadings, it 
was thought that they were not disturbing factor interpretation. 
Witha view to the actual production function analysis, the factor 
analysis produced nothing essentially new. It did not reveal any 
such dummy factors as were not in any way gauged but which should be 
added to the model. Admittedly, the analysis performed here cannot 
prove that such do not exist because no variables describing, for 
instance, human factors were included among the variables. 
In this study, the so-called transcendental function was 
selected as the production function model: 
logY = a + blXi +...+ bnXn + c1logX1 +...+ cnlogXn. 
Chapter II (3.B) is concerned with an examination of the form of 
this function in terms of one variable with different parameter 
values. This type of function proves a very flexible basic model 
giving a wide variety of results within the framework of the 
material in cuestion. Function class No. 1 may be regarded as the most 
typical production function form, a desirable starting point in the 
case of many variables in agricultural production. In this study, 
the estimated model has generally been considered a successful one 
if it has proved to be function class No. 1. 
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In the estimation of the dependence of gross, animal husbandry 
and plant cultivation return on the variables selected for this 
study (Table 15) it was found that only part of the coefficients 
were statistically significant. This can, of course, be explained 
by the minor degree of the interdependence and partly by the too 
small range of the variables whereby it is generally impossible to 
obtain;reliable coefficients. 
In the second phase, a selective regression analysis was 
employed for selecting the variables whose regression coefficients 
were statistically significant. Thereby, the models consisted of 
a maximum of 8 explanatory factors (gross return functions, Tables 
16 to 18) while the number of variables as regards animal husbandry 
return was 4. 
The estimated models largely conform a priori to the assumptions 
(Tables 16 to 24) and even as regards the variables unfit for 
universal reference, the obtained estimates are plausible within 
the framework of the material used in this study. The target, 
function class No. 1, was achieved in the case of several variables. 
No detailed examination of the advantages of each production factor 
in general has been undertaken in this study nor of the extent to 
which the use of production factors could be increased in order 
to achieve the optimum return, for instance. 
In a generalization of the results of this study, attention 
must he paid to the fact that bookkeeping farms involved in this 
study are not selected on the random sample principle. Therefore, 
they cannot be regarded as representative of ali the farms located 
in South Finland. Furtherrtiore,it is to be noted that this study is 
confined to one fiscal year. Also, the range of a number of factors 
has been so narrow that only part of the production function curve 
has been examined. Moreover, as regards gross return and expenditure, 
price differences between various farms have not been taken into 
consideration but on the other hand, they may not he very great 
because the farms are located within a fairly limited area. 
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APPENDIX I. Selective Regression Analysis 
The basic idea underlying a selective regression analysis is 
to form a regression equation with the optimum independent variables 
chosen from a given group of variables being the independent 
variables. This takes place step by step as some kind of an 
accumulating process through the estimation of intermediary models. 
The successive models are established by testing; 
whether the regreasion equation, following the addition of 
the independent variables, has so changed as to include 
statistically insignificant variables. Should this be the 
case, the least explanatory variable is dropped from the 
equation. 
Should ali the variables included in the model be 
significant, tests are to be made to see whether the 
variables outside the model include such as explain an 
additional portion of the variation of the dependent 
variable, a portion which is significant. If this is the 
case, the most explanatory variable is added to the model. 
The buildup of the model is continued in this manner until negative 
answers have to be given to both tests by which time the process 
is concluded. 
Process realization 
As a starting point, we may use the information gathered from 
the variables in the form of a partitioned correlation matrix A 
(RALSTON-WILF 1960, p.194). 
    
(1) R = A = 
S t 
z (n x n) - matrix 
   
    
in which the last vertical and horizontal Iines correspond to the 
correlations of the dependent variable along with the independent 
variables. Application of a certain transformation, the so-called 
Jordan exchange, to the matrix corresponds either to the addition 
or removal of a variable from the regression equation. 
(2) V. = 1 	a.. x. not included in the model 
a. a . in nl 
-2 
The criterion of the addition of the variable to the model is, 
as was mentioned earlier, the additional portion of the variation 
of the dependent variable explained by the variable. This is 
calculated by means of the following formula (RALSTON-WILF, 1960, 
p.196). 
11 
max If 	V. proves significant in terms of an F test, the 
corresponding variable X. is added to the model. In the case of a 
completely arbitrary model, no particular variables are forced into 
the equation on the basis of a priori information. Thus, the first 
variable to be added to the model is obtained by calculating from the 
formula (2) the coefficients of determination for the variables and 
by selecting to the model the variable corresponding to the biggest 
coefficient of determination, should its coefficient of determination 
prove significant. 
A possible removal of a variable from the model is performed 
by calculating for the variables included in the model their 
coefficientsofdet=inationV.from the formula (2). Because of 1 
the characteristics of the Jordan exchange, they are negative. 
! Thus, the item to be tested is min) . 	belongs to the model). 
Tf the portion of the variance of the dependent variable explained 
by the corresponding variable proves insignificant in terms of an 
F test, the variable is removed from the model. 
It is to be noted that the regression coefficients with their 
standard errors of the regression equation corresponding to each 
step can be calculated from the matrix A. Thus, in order to perform 
the process, it is sufficient to handle the matrix A only. 
The Jordan exchange (RALSTON-WILF, 1960, p.195). 
If we assume that the variable to be added to or removed from 
the model is Xk, the elements "a... of a new matrix are obtained '1] as follows: 
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